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OF THEORETICAL AND PRACTICAI. 


z: 


CONTAINING 


A COMPLETE SYSTEM OF THAT ART, 


GREATLY IMPROVED, 


(And widely different from the preſent laborious, and, in ſome reſpects, erroneous Method of 
Teaching) from ſelf-evident Demonſtration, founded on many Years Experience in the 
ſeveral Voyages made by the Author; | 


MORE PARTICULARLY, 


That to ST. HELENA, when appointed by the Royar SocttTy, to obſerve. 
the TRANSIT of VENUS over the SUN. 


This Work is arranged under the following Heads, in a more eaſy and accurate manner than any 
hitherto publiſhed, viz, 


CHRONOLOGY ; the THEORY of TIDES; MAGNETISM, and the VARIATION 
| of the NEEDLE; | A 


GEOGRAPHY, with a large TABLE of the LaTiTuDs and Loxncrtups of Places in Europe, Aſia, 
Africa and America; together with the T1iMEs of HioH WATER at the principal Places; 


GEOMETRY; THE CONSTRUCTION OF LOGARITHMS ; 


PLANE TRIGONOMETRY, with their ApeLicaTION to NAvIGATION ; 


The Method of making SA CHarTs, finding the LATITUDE and LONGITUDE of a Shir, and the 
VARIATION of the CouraAss: 


With a NEW TABLE, ſhewing the Times of the Risino and SETTING of the Sun, 


Moon and STARS; 


Alſo the Manner of finding the LEz-Way, the SET and DzirT of CurRENTS, and to Coxk ker 
| | the Dzxap REckxoninG, &c. 


All of which are exemplified in a JOURNAL from the Downs through the CHANNEL, from the 
LIzARD to MADEIRA, and from TENERIFF to S.. HELENA, with the Author's Remarks thereon ; 


As alſo the Form of keeping a Journal, and of collecting, with the greateſt Facility, the 
| Particulars thereof. 


— 
wi 


By R O BT. W A D DIN GT ON. 


TEACHER or MATHEMATICS, . 


- Lars MATHEMATICAL MASTER or Tux ROYAL ACADEMY Ar PORTSMOUTH. 


L O D. O N: 


Printed for the Author; and Sold by J. NoursE, Bookſeller to his Majeſty, Strand; Meſſrs. Wars and 
Stofigxovse, Ludgate-hill; Mr. SEWELL, Cornhill; and by Mr, Fapon, Geographer to his 
wachen, at the Corner of St, Martin's-lane, Strand. M, o,LXXVII. 
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CONTENT s 


1. Gre ſhewing TE to find the Primes, Epacts, Moon's Ape, and the 
ing the Golden Number and Epact to the Year 1957. 

2. The Theory of Tides, p. 5 to 10—Trade Winds and Monſoons, P- 10 to 15, 

3. Of Springs and Rivers. | ; 


4. Of the Barometer, p. 16—Of Magnetiſm, 17 to 21—Of the Daily Variation of the 
Needle, p. 21. 


5. Of GEOGRAPHY, Definitions, p. 22 to 24—Of the Diviſions of the Surface of the 
Earth, p. 25 to l hical Problems, p. 28 — Table of the Latitude and 
Longitude of Places, High Water, and the Variation of the Needle, p. 29 to 40. 
Hiſtory of the Eaſt-Indies, 41 to 44— Errata, 44— Traverſe Table, 4 Points, 52 
— Their Uſe, 53—Patoun's Rule examined, 54. 


6, Of the Elements of Geometry, Definitions, p. 1 to 3—Problems, 3 to y—Theorems, 
7 to 15. i | * 


7. Arithmetical Progreſſion, p. 15, 16—Geometrical Progreſſion, 16 to 19. 


8. Of LOGARITHMS, with the method of conſtructing chem, p. 19 to 23—Of the Table 
of Sines and Tangents, 22— To find the Natural and Logarithmie Sine, Co-ſine, 
Tangent, Co-tangent, &c. of any Arch, 23. | 


9. Of PLANE TRIGONOMETRY, Definitions and Theorems, p. 24, 25—Articles and 
Rules for forming Proportions, 26—ConſtruCtion of the Plane Scale, 27—To reſolve 
all the Cafes of Trigonometry and Plane Sailing, by Gunter's Scale and a Pair of 
Compaſſes, 28—The Cafes of Plane Trigonometry, 28 to 34. 


10. NAVIGATION, Nautical Definitions, p. 34—The Caſes of Plane Sailing, 36— Tra- 
verſe Table of Points and Quarters for working the Courſes failed, in 16 pages. 
Traverſe Table to each Degree from the Meridian, to 300 Diſtance, for finding ahe 
Courſe and Diſtance made good any Day; as alſo for finding the Bearing and Diſtance 
of any Port or Cape, in 45 pages. 


11. A Table of the Angles which each Rumb, or Point and : Point of the Compaſs, makes 
with the Meridian, p. 46—The Uſe of the Table, in 47 and 48—To correct Courſes 
ſteered, and Bearings taken by a Compaſs, whoſe Variation is known, | | 


12. Of PLANE SAILING, Traverſe, Oblique, Current and Windward, from p. 30 to 59. 


13. Of SPHERICAL SAILING -A Table of the Miles contained in one Degree of Lon- 
gitude, to each Degree of Latitude, p. 60— Parallel, Middle Latitude and Merca- 
tor's Sailing, p. 61 to 76. beg 


14. To make a Plane Chart, and to prick off the Place of a Ship in it, p. 76—A Table of 
Meridional Parts, 77 to 84—The Uſe of the Table of Meridional Parts, in p. 84 
The method to make Mercator's Charts, 85—To make Reduced Charts, 86, 87 
Io prick off places in it, 88, 

15, Of 


Times of High Water at all the principal Ports, page 1 to 5—With a Table ſhew- © - 


— 7 - 
2 — : Co - 
——— = * So oe — a 
© 0 y 


* 
8 . — 4 a a4 1 1 - 8 
p * 2 5 2 
- — * 1 — * — 
2 = . „ 2 2 ——— 
2 — — . 1 2 > - — of —— * 
* 92 p 0 n = 4 — N of — 2 —— — n 1 
4 3 by 2 1 — - . 4 
— D * "> a _ ® = * 2 
2 2 ER —— = = © . _— 
2 . * _ - : 
— aA - * «* _—_ 7 
— — 2 -<S by b& ” - Pr 
- — ry — — 
- * * = 
„ 4 | 9 3 Fl -- 1 
= = => \ 


Ss N 
1 
5 
ö 
** 
. 9.4 $ 
+145 44188 
N * 
122 \_ 
- 9 
1 "y 
< 6 VER 
£. * "Ys, | 
'% F) 
_ 1 
, + 


- - * * 
—— 2 — — — 4 Ws "—_ - . 2 Þ 
- + = 
by OY mn 2594 oo mom” 
* 9 — 


— 


_» 200-200 IG pay 
3 — — 
1 23 "2 — — 1 
— . 3 2 * 
* * 


x 

+. 2 
= : 
A RS 


— 


* — 
* * 
- 
: — * 
— & wo 
— 2 — - 
8 „ %. 
<5 LE. LE X „ ww > wn —O Ie 
— IL ERT — — 
- | | 2 IEEE 
— — — N p 
— bs —4 — — „ 2 
>; » — 5 = —— 2 


— * 
was 
4% © — 1 
- — 
— 


= VIP WV 


d O Nj/T EN s. "oa 

he Sg) F. 4. \W 3 

15. of ASTRONOMY, Definitions, p. 89 Of 1 and Azimuths, and how to 
find the True Azimuth, go—Tables of Declination of the Sun for Leap Years, and 
the iſt, 24 ind 3d after Leap-Years, with the Uſer, of n yo 92 8 


Table of ue e Variation of the Declination Ws Tv e. Fa er mu 
added to, or ſubtracted from, the obſerved Altieude 25 imb of 
the Sun, at Sea, to get the true Altitude of its center, 95—A Table 1 Refraction, 
and a Table of the Parallax. of the Moon [Eee Altitudes, e 96.— Table 


to find the Time of the riſing and ſetting of the Sun, — or Star, * — 
tion not exceeding 25 Degrees, p. 97. 102 I 


8 10 


16. Of the Latitude df a Place; to find it by Obſervation, p- 9 ene rde 
Azimuth by Calculation, 99, 100, 101—The Method © working Days- Works, 
and of finding the Diſtance a. Ship fails in any 2 ron to 106 — To make the 

Allowance for Lee - way accord! ” the Sail ſet., in p$3 for (mall-ſhi 

+1: - ſharp built Ships will not mak de 0 much apy e n To 85 Wee 
Service, which make more lee-way than . of War.. 

17. Log-Book and Journal through the Channel, p. 106 to 1 1 TTY 100 Journal 

from the Lizard to Ware, 112 to 120. 


ovinits0 ama 10 ans I 


We Go ff, 


18. Rules for corredtingthe” Dead Reckoning, p. 117, 1 19, 121, 122. 


19. A Journal from the Peak of Teneriff to St. Helena; with the "EW of Agcoun 
corrected, 120, 121—Remarks on the Journal, 123, 124. | 


A 


20. of GREAT CIRCLE SAILING ; with a new and eaſy Method: of finding 1 the Courſe 
to be ſailed, and the Diſtances to each Courſe, 125, 128 to 132. f 


* the Appendix to this Work are ſhewn three different Methods of finding, . Latjtude 
(if ea Meridian Obſervation from the Cloudineſs of the Weather cannot be obtained), two of 
which were ſome Tears ſince publiſhed by me in a Treatiſe entitled The Sea Officer's Compa- 
nion; the third is new, has never appeared in Print; nor do I believe it practiſed by any but 


myſelt The Latitude may - obtained by it; when no other Method! is of uſe. 


Alſo the Method of finding the Longitude by ie the Diſtance n the Sun and 
Moon, as alſo that between the Moon and Zodiacal Stars; with General Rules and an caſy 
Method of Calculation. 


To which is added a 1 Plate with Figures ſhewing the Nature of Refraction and 
Parallaxes, together with the Method of calculating them; likewiſe the Solar Syſtem (with 
the Calculation of the Diſtance of the Earth from the Fun. and of the Diameters and Diſ- 
tances of all the Planets), the Diſtance from the Earth and Planets to the Sun, computed 
from the Obſervations made on che Tranſits of Venus over the Sun in 1761 and 1769. 


To THE 


RIGHT HONOURABLE THE EARL OF SANDWICH, MASTER; 
WILLIAM JAMES, ESQUIRE, DEPUTY - MASTER ; 
AND THE 
WARDENS AND ASSISTANTS, OF THE HONOURABLE CORPORATION 
@.F- TT. 


TRINITY HOUS E. 


My Lon, Six, and GenTLEMEN, 


OWEVER ill- qualified I may be, as a mere Mathematician, to write a florid 
| H DepicaTION ; yet, when I conſider to whom I addreſs the following Pages, 
I feel myſelf more encouraged to the Taſk. I am a plain Man, and my Profeſſion 
is the Inveſtigation of Truth: And ſhould nothing more appear in this Taxa risE 
than the Old Story over and over again, treat it as it deſerves, and the Author accord- 
ingly ; but if, upon a fair and candid Peruſal, ſeveral eſſential Improvements ſhould 
be found, - tending to the further Knowledge of Navigation, my Great End will be 
fully anfwered—as it will demonſtrate that my Labours in Theoretical and Practical 
Experiments for thirty Years, have not been in vain ; and conſequently, I may 
humbly hope to reap the wiſhed for Fruits of Approbation under your Auſpices ; 
eſpecially, as in many Particulars they bear Analogy with ſeveral of the immediate 
| Concerns of your reſpectable Houſe. 


I have the Honour to be, 
with all Duty and Reſpect, 
My Los, Sin, and ——— 
Your moſt faithful | 
and moſt chadicnt Servant, 
R. WADDINGTON; 
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H E numerous Publications already extant on the Subject of Navightion may appear 


to render this work unneceſſary; yet, when it is conſidered that a clear, eaſy and 

practical method of keeping a Journal at Sea has not yet been fully explained, the follow- 
ing Treatiſe (ſome time ſince intended for publication) it is hoped, after an attentive peruſal, 
will meet . with the juſtice the Author flatters himſelf it merits. The young Navigator will 
here find every thing neceſſary for his inſtruction laid down in a methodical, though conciſe, 
manner, and fo as to render every element applicable to Navigation attainable with the 
greateſt facility, without the aſſiſtance of any other author on the ſubject, which hitherto has 
not been the caſe; not to mention the abſurdities of many, ſome of which the Author thinks 
himſelf juſtified in quoting, that the Learner may not be miſled, viz. 

In the Coaſting and Southern Pilots, the times of high water In various places on our 
coaſts, 2 are very erroneous. F 1 


Moon eur Times Tee THT] : 
| 11 | by Pilots. || them, | of H. W. 
Page 25, the Pilots ſay.: Between Dover and Dunge- h. m. | h. m. 
neſs, and likewiſe thwart of the . H. wa when . SSW. 1 30 | 10 30 
moon bears 
In the channel off Winchelſca - | SbE. | 12 15 | 10 30 
Beachy, by the hare, (current runs Laſterly 3th after} nee 
high water) l Y 5 
At Spithead, (by p. 4, it runs from the ee 5 hours) SEbS. 9 45 | 11 15 
In the Fairway thwart off Spithead, moon SbEx E. S.. 112 O0 | 11 oo 


By the PILOTS. | T 


In the offing from the N. to the S. Foreland, it runs half tide ;—that is, it runs half 


tide to the Southward, and then half tide to the Northward, before H. W. 
From the South Foreland to Dungeneſs (or Dengyneſs) it runs half tide and half quarter ; | 
—that is, half tide Weſterly, and half quarter tide towards the ſhore. 


From the Neſs to Fairlee, it runs half tide ;—that is, half tide to the Weſt, ad the RI f 


half tide towards the Eaſt. 

From Fairlee to Beachy, it runs one quarter tide under another; — that is, the tides meet 
off this coaſt, and the ſet, or run, is towards the ſhore, after their meeting about the time 
of one quarter tide (or one hour. and a half), the tide of flood then runs towards the Downs; 


but in the fair way of the channel, the flood tide runs towards the Downs at about half or 


three quarters of an hour after their meeting. 
By. the PILOTS. 


At Eaſt Borrowhead, at the Oars, Bembridge Flats, and off Dunnoſe, the flood tide runs 


23E. Moon bears| Time by True Time 
6 hours E. and bbs 4 W. | nearly. Points, | them. of HI. W. 


1 h. m. h. m. 
23. At the Buoy, off the Nore © Sat o o 12 0 

And North Foreland - } . S0 | 10 30 
25. Between Dover and the Neſs, and lo the Neſs - | SSW. 1 30 10 30 
34. Between Calais and Dover SW. (at Calais S; E. ſee p. 3./ SW. 3 oo | 10 30 


At the mouth of the R. Somma SSE. and R. Seyn or Roan, 
SE. which may be nearly ſo. * ; 7 7 tha} 


36. Before the haven of Caen SSE. at Cherburg, and 103 n 8 30 
C. la Flague, SY oppoſite to Peveral . 5 — ; ; 5 | oo | 
40. In the Race of Blankart, at Alderney and Guernſe O 

the flood ſets NEbN. _ - . 7 j| NbE. 45 7 00 
44. At St. Maloes, Uſhant, Minchead, Milford, Swanſey E. & W. 6 oo 3 oo 
& Lizard EbN. or 54 h. In Mounts Bay and Landſend] WSW. 4 30 415 

— EN E. or 4 — to the ſeaward of it in the es SWbW.| 3 45 3 40 | 


M. W. denotes high water. 


Note, The time of the running of flowing of a tide, is 6 hours; of half a tide, 3 hours; 
of a quarter tide, 1+ hour; and of a half-quarter tide, 3 quarters of an hour. 

. The flood ſets from. Scilly a+crofs the channel to the Lizard NE. and ebbs SW, which ſhould. 
be regarded. | NOTE... | den UTC when: | 

| 61. Withog: nen (1 ſuppoſe he means W. of it), the current runs WSW. Ah. gom. 

true time 3 b.. | 252: 3] 5 
0 So the Pilot reckons his times of high water at ſome places true time; at others, when the 
current has done running from the Atlantic, which by obſervation is three hours or more 
after it, when the ebb has fallen 10 or 12 feet at leaſt ; and this has been the cauſe of ſhips 
getting upon the ſands, when the commanders expected they ſhould have a ſufficiency of water 
to carry them over; and at ſome other places, neither at one nor the other of theſe times 

In p. 25, the Pilot ſays, From Wight to Beachy the flood ſets EbN. and ebbs Wbs. 
He ſhould have ſaid, in the fair-way of the channel, at 5, 6 or / leagues, off theſe coaſts, 
for between Dunnoſe and the Owars the flood ſets N. over Bembridge flats; and near all 
coaſts, at the time of flood tide, it ſets inclining towards the coaſts, 

11. In Collin's Coaſting Pilot, it is ſaid to be H. W. at Deal at gh. (true time 10h. 30 m.), 
alſo that it flows half tide and half quarter tide: What is to be learned from this, as he does 
not ſay which way it flows? How unintelligible it is, and can only tend to puzzle the gene- 
rality of its Readers! N. B. The tide runs 2h: 10m. towards the S. and then 3h. à to the 
Northward. | 8 | | 

In p. 3, I have ſhewn that it runs in the Downs, from the N. to the S. Foreland, about g 
hours, and raiſes the water ſo as to make half tide, that is, the riſe by flowing will be about 
half the heighth of the high water; it then turns, and flows to the Northward about 3 hours 
and 5, and makes high water. | 

Remark. From the Lizard to the place of the meeting of the tides, off Fairlee, is about 
270 miles; and if it be high water off the Lizard at half paſt 4, the ſwell, or run of the 

tide, muſt be 45 miles in an hour. Alſo the tides meet off Carlingford, in a-parallel of lat. 

with the Southern part of the I. of Man in lat. 54%.05' N. which is about 250 miles from 
the Land's-end; and as the time of high water off Carlingford, is at 9 hours, and off the 
Land's-end, about 4h. therefore it is 5 hours in running 245 miles, which 245 divided by 
5, gives (49) miles that this tide flows or runs in an hour in this channel, 

Theſe tides ſtop one another off the I. of Man, and from thence the ebb is, both towards 
the N. and the 8. | | | 200 05 | 

* 1 rocks are about 2 leagues from the ſhore, and E. bs. from Wexford ; flows NNE. 
ebbs SSW. oy * e 

P. 48. An E. and W. moon makes high water off Wexford; and before Waterford, an 
ENE. Moon. That is, before Waterford high water at 4h. 30 m. and off Wexford, at 6 
hours; that is, 3om. S. from Waterford, and 3om. E. from Wexford, the diſtance in the 
channel 60 miles. | | 

In Wilſon's Navigation, p. 197, it is faid, H. W. at Dover Pier at 12h. in the 
Downs, at 1h. 30'. at Dover, at 10h. 3o'. How inattentive will this author appear to have 
been, in ſo important a part of his work, when it is well-known to be H. W. at all theſe 
places at the ſame time, and the reader may be convinced, by obſervations in p. 3. the fatal 
effects of which errors have been felt by many navigators, who have had the misfortune to 
be directed by them: For inſtance, ſhips have been loſt on the Goodwin Sands, on the Oars, 
on Bembridge flats, and in many other parts in the channel; and if they have eſcaped thoſe, 
yet they have frequently fallen into as bad a predicament, from a preſumption that there was 
ſufficient water nearer the coaſt, which in the event has proved the. contrary, and been their 
total deſtruction. In Haſeldon's Seaman's Daily Aſſiſtant, the calculations are equally ab- 
ſurd: He ſays, H. W. at Dover Pier, at 12h. thwart of Guernſey, gh. 45'. Newport, Iſle 
of Wight, 2 tide, 12h, Portſmouth, ; tide, 11h. 15/.-In the Sleeve, between Uſhant and 
Scilly, at 12h. the W. end Iſle of Wight, at 1h. 30“. Beachy by the ſhore, 8h. 15“. which 
are all wrong ; and many more could with equal juſtice be mentioned, 

I now turn to the ſubject matter of my own work only, viz. In p. 3 and 4 of the tides, 
of H. W. and of the time the current runs in the Downs, before and after H. W. each way; 
as alſo in St. Helen's Road and at Spithead, which ſhould be ſtrictly regarded. ' 

| In 


© 8) 
In p. 29 to 40, are arranged the names of places, in the order they are ſituated along the 
coaſts, with their times of high water, their latitudes and longitudes, and the variation of 
the needle.— Reſpecting the times of H. W. I was obliged to borrow from former authors, 
many of whom I am certain are wrong, as appeared by the obſervations made by me in the 
Britiſh Channel, and places adjacent thereto, which I think will readily be allowed for the 
following reaſon : And I heartily wiſh I had it in my power to make all neceſſary obſervations 
for the benefit of young navigators. | 
The tides meet of Dengeneſs, as defined in p. 3. the channel tide runs towards the ſtraits 


of Dover after the other tide is ſpent, into the German ocean, about 3 hours and a half; by 


reaſon of which exceſs of the channel tide, as it flows 6, 7, or 8 feet perpendicularly 
higher than the other, it runs about 3 hours and a half the ſame way after H. W. The 
like principle prevails in the running of the current towards the E. in the channel, about 
; hours after H. W. but with various bearings of ſets, and velocity of drift, which muſt fol- 
low from a general principle of fluids. | 
The times of high water (on the full and change of the moon) being known at 3 or 4 
places in the Britiſh channel, as alſo the like in St. George's channel; from which may be 
etermined (nearly) the times of H. W. at all other places in, and adjacent to theſe channels. 
The time of high water at Uſhant, is 3h. at Scilly, 3 h. 45m. Land's-end, 4 h. 15 m. 
Lizard, 4 h. 3om. St. Catherine's, I. of Wight, 9 h. and at Dover Pier at 10h. zo m. 
ence are deduced the times of high water at Guernſey, Jerſey and Sark, at 6 h. 30 m. Al- 
derney and Caſkets, 7+ h. Ram-head, 5h. 40 m. Eddiftone, 3 h. Plymouth, 6h. Start, 
584. 50 m. Torbay and Dartmouth, 67 h. Bill of Portland, and Weymouth, 7+ h. St. 
Alban's head, 7 h. 45 m. Peveral Point, 8 h. Pool, 94 h. Needles, 9 h. Shoreham, 10 h. 
Arundel, 9 h. Beachy-head, 10 h. Dengeneſs, 105 h. Note the diſtance between the SE. 
line which paſſes through Scilly I. is about 34 miles from that which paſſes the Lizard point; 
hence the time of high water at the Lizard, muſt be 3 quarters of an hour later than at Scilly. 
Note. The flood tide from the Atlantic Ocean ſets into the Britiſh channel nearly N. E. 
The Traverſe Table (of diff. lat. and dep.) for each point and + of the compaſs on a new 
plan, better adapted, and rendered more eaſy for practice; the figures are new and remark- 
able large, to prevent miſtakes ; particular care has likewiſe been taken in their calculation 
and reviſal to render them perfect. | 
Page 76 ſhews the principles of the Plane Chart.—84, 85, and following pages, the 
improved method of in Mercator's and Reduced Charts. | 
Page 91 and following, accurate Tables of the Sun's Declination, with a Table for rea- 
dily obtaining the riſing and ſetting of the fun, moon and ſtars. 
Page 101 and following, an improved method of working days works, and of keeping a 
1 _ at ſea; alſo of correcting dead reckonings, and comparing theſe rules with others 
perfect. | | | 
Great Circle Sailing, never before ſufficiently explained ſo as to make it practical, which 
is done in p. 128, in an eaſy and general method. . | 
In the examples of the different parts of Navigation, Logarithms are only uſed in ſome 
particular caſes, and there, in order to ſhew the compariſon of that method, and of this by the 
Traverſe Tables, whereby it appears, that the working by the Traverſe Tables are quite ſuf- 
ficient for the purpoſes of navigation in general, I have, therefore, omitted publiſhing a table 
of logarithms, and have fully elucidated the uſe of thoſe tables in working the day works of 
2 long Journal. But as the young navigator may have occaſion for a book of logarithms, to 
work the various caſes of Trigonometry, as alſo for the working of Aimplitudes, Azimuths, 
&c. I therefore propoſe to publiſh a ſmall treatiſe on the ſubject of Trigonometry, with all 
neceſſary Tables of Logarithms, and their uſe in the various branches of the Mathematics. 
Thoſe who work longitude obſervations, taken by the moon and ſun, or moon and ſtar, ſhould 
have either Sherwin's zd edition, or the French edition of Gardiner's Tables, where the fines 
and tangents of arcs or angles, are taken out at fight for each 10 ſeconds of the minutes of 
a degree; [price 21. 78. ſold by Mr. Nourſe, bookſeller to his majeſty, Strand.] | 


N. B. The later edit. of Sherwin's Log. are greatly defeRive, and the laſt edit, the worſt, the figures 
being ſmall, &c, and not fit for the purpole, 
Remarkg 
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Remarks on the work of a modern Author. on Navigation, who has taken many part; 
from mine, and from other Treatiſes on the ſubject.— See the Appendix. 

In Jeffrey's Survey of Yorkſhire, He makes Flambro'-head.to lie under the meridian of 
London, and the Spurn in latitude 53%.35' N. 6' E. longitude, | 

By my Obſervations, The Light-houſe on Flambro'-head, 34“. 8. 200 N. lon. 3“ E. 

Ditto cn the Spurn, - 53.34.20 N. lon. 11 E. 

The Light-houſe on the Spurn, bears from St. Trinity Church at Hull, S. 53 17. 30“ E. or 
SE. 1. 13 E. diſtance 16 miles. Dep. 13, 2X lon. 23“: Hull is 12 W. lon, and the 
Spurn L. H. 11' E. 
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ERRORS and OM ISS IONS. 


In Ex. 1, p. 3, the time of H. W. was taken 45 at the Nore, which happens when the 
wind is high and nearly E. to be 3 quarters of an hour later than common. 
PAGE zo Flamborough-head, for o. 56 E. read o. o6 E. 
41 of Geography, 1. 38, for 1557, read 1576. 
42 J. 17, for 1514, r. 1614. 
44 in the Errata, before 1. 9, r. in p. 120. 
P. 1 of Geometry, def. 8. ſee pl. 1. fig. A. B. C. def. , fig. G. p. 3, fee fig. pl. 1. 
45 prob. 5, 1. 3, r. to touch the line AF. 1. 5, r. the given line AF, 
do. 8, I. 6, for BF. r. BE. 
do. 14, I. 3, r. line A. dele C. 
do. 17, 1. 8, dele D. 1. 10, for þd r. 5D. I. 12, with AD = 1 109. 
do. 20, I. 1, dele right. p. 7. def. 6, ſee pl. 2. figs. A. a. at the foot. 


P. 7, Geometrical Theorems. | 
Theo. 1, 2, 3, 4, 5, 6, ſee pl. 2, figs. 1, 2, &c. Theo. 7, 8, figs. 6, 5. | 
Theo. 2, 1.8, 45 100%. 13 4C. p. 9, the two laſt lines, r. but 4 has a greater 
ratio to 2, than to 3, | | | 
P. 11, in Dem. of 18th Theo. I. 4, r. which contain, or ſubtend. 
25, in Dem. of 4th Theo. for 'Theo. 15, r. 20. alſo by 47, 3, Euclid's corollary. 
32, fort. of 459. 307, r. 10,007 58 and the t. of + diff. 4 4 . 500, the 4 C = 469.20/ ] "IF 
| alſo AC = 146, 9. and 4 A= 44 30 ; 
34, def. 9 and 10, ſee pl. 4, fig. 33 and 28. p. 47, 1. 35, for ſome, r. ſum. 
39, the columns, for D. Lat. and Dep. correct to Dep. and D. Lat. | 
Over 63* Trav. Table, laſt col. r. Lat. for Dep. and under 27, r. Dep. for Lat. the 
{ame over 5 5, laſt col. and Dep. for Lat. at the top. 
Over 609, laſt col. for Dep. r. Lat. and for Lat. at top, r. Dep. 
54, 1. 11, BE+GC=DF; and for EC, r. EG. p. 33, 1. 4, dele and. See fig. 11. 
5 5 hg 1 6, 8 for . r. er cn XB I 18, r. Th : 
56, in the 1ſt Ex. ſee pl. 3, fig. 23.—p. 69, I. 12, for CB, r. l. 18, r. Theo. 1, 
art 2 —p. 60, 1. N 157 90 7 0 r. P. E. S. W. 
he meridians of fig. 28. are drawn at each 10° from the meridian paſſing through O, 
and not at 135, as mentioned in the conſtruction. | 
85, J. 23, r. lines parallel to AB, as DE, CF, &c. See p. 5. 
94, I. 2, for 1779, r. 1799. See p. 44 of Geography. 
117, At 2 A. M. the courſe was SSW, and againſt it way +, and not 14. 
Alſo againſt SWbW. wind, L. W. 1 point—and againſt 4 and 5 h. the courſes Sb W. 
and SWbs. the mean is SSW, L. W. 1 point. ps . 


Notwithſtanding the greateſt attention has been paid Io this work, ſome errors (of the preſs) may 
have eſcaped notice, which, Fe the nature of it, is next to an impoſſibility ta avoid; and 


which, it is hoped, the candid reader will excuſe, 


f 
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CHRONOLOGY. 


Time. 8 
A Cycle, or Period, is a Revolution of Time. 

The Cycle of the Sun, or the Dominical Letter, is a period of 28 years. 

The Cycle of the Moon, or of the Golden Number, is a Period of 19 Years, which period 
being compleated, the New and Full Moons return to the ſame month, and on the ſame days of 
the month; ſo that whatever days the New and Full Moons are in this year, they will, 19 
years hence, happen on the ſame days of the months, and within an hour and a half of the 
lame time of the days through the year. | 

The parts of Time are Years, Month, Weeks, Days, Hours, Minutes and Seconds. 

The Julian common year conſiſts of 365 days, and the Julian Leap-year of 366, which is 
every fourth year“. A Lunar year conſiſts of 354 days, which is 11 days leſs than the 
Solar. The Solar year contains 365 days, 5h. 48 m. 551. and in which time there happens 
12 periods of the Moon, or New Moons, and 11 days over, 

The ſeaſons in the Northern Hemiſphere are, Spring, when the Sun enters Aries, which is 
on the 2oth or 21ſt of March. Summer, when the Sun enters Cancer, the 2oth or 21ſt 
of June. Autumn, when the Sun enters the Equinox Libra, the 2 1ſt or 22d of September. 
And the Winter ſeaſon or quarter begins, when the Sun enters the Solſtitial Colure, which is 
the beginning of Capricorn, the 2oth or 21ſt of December. 

Of the GOLDEN NUMBER and EPACT. 

Dr. I. The Prime or Golden Number is the year or period of the Moon, which period 
contains 19 years; and when the new Moon happens on the laſt day of December, the Prime 
of the following year will be 1. 

II. The Epact is the difference in whole days betwixt the common Julian and the Lunar 
year; and is reckoned from the laſt new Moon of any year to the beginning of the ſucceeding 
one, 

III. The Epact of a given year, is the age of the Moon the laſt day (at noon) of the preceding 
year; whence in January, the Epact added to the day of the month gives the Moon's age. 


To find the PRIME or GOLDEN NUMBER. 
Rule I. Add 1 to the year of Chriſt, divide the ſum by 19, the remainder will be the 
Prime; but if o remains, 19 is the Golden Number. 


To find the E PA CT. 

Rule II. Take 1 from the Prime of the given year, multiply the remainder by 11, the 
product, if leſs than 29, is the Epact; but it the product exceeds 29, divide it by 30 and 
the remainder will be the Epact. | 

Note. When the Prime is 1, then the Epact is o. 


The numbers for the months, which are to be added to the Epact of a given year, to get 
the Age of the Moon. | 


r RONOLOGY is the Science of computing and adjuſting the periods of 


Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 


In common years o. 2 , 2 2. 4+. 4+ 6. 7 8 9 10 
In leap-years „ TO (Om OTE OO PO ON TER 


* Except ſuch Leap-years of- the Hundreds, which axe not diviſible by 4: for x7, 18, 19, are not diviſible 
by 4, without a remainder, therefore they are common years, Sec the Remark, page 4 = 
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The reaſen of a day being added to the number of the months in leap-years after Feb. is 
becauſe of the intercalary day in thoſe years. Ds nt —_ | 
To find the MO ON's AGE. 

Rule III. To the Epact for the given year, add the number for the month and the day of 
the month, the ſum, if leſs than 30, is the Moon's age; but if it exceeds 30, take 30 Sx 
it, and the remainder will be her age. 

To find the time the Moon paſſes the Meridian, and of High Water. 

Rule IV. Multiply the Moon's age by 4, and divide the product by g, the quotient will 
be the hours, and the remainder multiplied by 12, will be the minutes of its paſſage over 
the Meridian, nearly; but the true time is to be found by the Nautical Ephemeris, or by the 
Aſtronomical Tables. | 

To find the Time of HIGH WATER. | 

To the time the Moon paſles the Meridian, add the time of High Water at the full or change 
days of the Moon, the ſum, if leſs than 12 hours, will be the time required: But if it exceeds 
12 or 24 hours, ſubtract 12 or 24 from it, and the remainder will be the time required. 

Note, By this rule, the time of H. W. in general, is found; therefore the time is to 
be taken either in the morning or in the afternoon of the ſame day; and not at the time A. M. 
or P. M. as that requires the true, and not the mean Age of the Moon. 


A TABLE of the Bearings of the Moon at the Time of High Water; with the Time 
of thoſe: Bearings, at the following Places. | 


dr hogs woke y High Water at the following Places. | 
h.] (Ile of Alderney, Gibraltar, Southampton, Nore, Sheerneſs, 
N. and 8. | 12 | and along the Swin, to the Mouth of the River Thames. 

N. by E. S. by W. 03, or 45 m. paſt 12, Rocheſter, Fluſhing, Malden. 

N.N.E. S.S.W. 1:,| or 30 m. paſt 1, Belliſle, Tinmouth, Graveſend, Holyhead. 
N. E. by N.] S. W. by 8. 2, or 15 m. paſt 2, Berwick, Liſbon, St. Andrew's, Conquet. 
. 8. V. 3 | Whitby, Londen, Amſterdam, Bourdeaux, Bay of Biſcay, 

N. E. by E. S. W. by W.] 33, Breſt, Huntcliff, I. of Bas, at the Maes, Scarborough. _. 

E.N.E. W.S.W. 47, | In Breſound, Uſhant, Scilly, Cork, C. Clear, Edinburgh. 

E. by N W. by S. Sz, | Humber Mouth, at the Spurn, Torbay, Start Point. 
| E. W. © | Hull, Wells, Weymouth, Plymouth, Ramhead, Boſton, 

E by 8. W. by N. 63, | Briſtol, Portland Road, Lynn, Foulneſs, Foy. 

E.S.E. W. N. W. | 73,| Lizard, Land's End, Falmouth, Penryn, C. Barfleur. 

S.E. by E. N. W. by W. 8z, | Eddiſtone, Yarmouth, Needles, Fly, Dublin, I. Fly, 
8. E. N. W. 9 | Ifle of Mag, Iſle of Wight, E. End, Caſkets, Caen, Loweſtoff. 
8. E. by S. N. W. by N. 9, N. Foreland, Dungeneſs, Dunnoſe, Shoreham, Orfordneſs. 
{ $S8.E. N.N.W. 10% The Downs, Deal, Dover, S. Foreland, St. Helen's, Beachy. 
S. by E. N. by W. | 113, | Margate, Harwich, Roſe, Pool, Portſmouth, Spithead, Calais. 
8. N. 12 | Dunkirk, Embden, R. Elbe, Coaſt of Flanders, Oſtend. 


In the year 1770, I obſerved the ſetting of the Current in the Downs at each hour, from 
the time of High Water which was before the New Moon, till the following Tide of 
High Water, which happened to be after the change of the Moon: The next day 1 
oblerved it at Dover; from which it appears that High Water at Deal, in the Downs, and 
at Dover, is nearly at the ſame time; which was at 10 h. 30 m. on the day of the change. 
The current ran three hours and a half after High Water to the Northward, and then * 
Flood Tide ſet in from the North to the Southward, it continued flowing 5 h. and 10m, 
when the Flood Tide from the Southward began and continued running 3 h. 45 m. and then 
made High Water. . 

From the foregoing, may be drawn the particulars following: 

H. W. on the Full and Change days, at 10h. 30m. in the Downs, at Deal and Dover. 

The current runs to- Northward, after H. W. 3{. 30 done running to N. at 2 h. oom. 

The current runs to Southward at ⁊ ebb for 3. co and makes Low Water at 5. 10 

Flows from the NW. - 2. 10 and makes: Tide nearly at 7. 18 

Channel Tide flows to Northward - 3. 45 and makes H. W. at 10. 55 

The ſecond High Water after the Full and Change of the Moon. 2 
| ote, 


1 


Note, The Current in the Downs generally runs 7 h. and 4 to the North, and z h. and 
to the Southward. 


At Dover, the Tide from the Channel runs to the Northwards 7 h. 15 m. and from the North 

5 h. 10 m. at the Full and Change of the Moon. 
At 4 or 5 leagues W. of the Rip-raps, the Tides meet off Fairleigh at + before 6; and 

the Channel Tides flow from thence towards the Downs at 6%, and reaches the Downs at 7. 
Note, The Tides ſet in the Downs N. N. E. and S. S. W. nearly. 

Spring Tides flow 24 feet, Neep Tides 12. | | 

At Dover they hoiſt a flag at the Jetty, when the Tide has flowed 10 feet high in the mouth 

of the harbour, 


The Tide generally ebbs or falls 10 or 12 feet in the harbour, before the Current in the 
offing has done running towards the North Eaſt. 


A TABLE of the ſhifting of the Tides, according to the Age of the Moon ; by which 


appears the Error of reckoning High Water to be 4 of an Hour later each ſucceeding 
Day. : 


Moon's Age. H. W. later 2 of the Moon's Age. ti. W. later than Mean of the]H, W. at Deal, Dover, in 
5 on full & ch. day. Time. Da n full & ch. day.] Time. {the Downs and St. Helen's. 
WM „ . b. 16- $ ins h. m. h. m. ſ.] h. m. 6 | diff, 

I 898 o 48 48 16 „ien e in 14\ @ |: 44 

2 3 41 17 e 38 

3 „„ > © 18 2 00 123 Wa 18: 26 4 34 

1 .2 28 | 3-19-29 19 2 40 | 3 279 12 12 56 E| 32 

c 1 85 4 4 00 20 E M $54.26 ot 2 38 = 54 

6 3 40 | 4 52 48] 2r 3035-4 48; 10 $4596 

7 41 $6 22 EE . 54; | 44 

8 8 - 3 6 30 24 23 . 23 2001-3. 46-4 48 

9 6 04 1 / Re ER 2 52 
10 7 2880 8 8 oo 25 5-- 30-18: .. 6 60 
It 8 o8 8 56 48 | 26 n . 00-17-08 
12 9-2 9 45 36 27 9 26 | A 2 | 64 | 
13 1 10 34 24 28 160 % 040-244 5. 48-3 By 
14 E 29 11 $3; n 36: „„ 46 G1 
15 „ 1 128 189-6 29 12H 12 08 ta oo oe 10 43 mx 55 


The mean time of the period of the Moon from change to change, is 29 days, 12 h. 44 m. 
in which time the tides make a period through the 24 hours, and making High Water each day 
later than the foregoing day, as inſerted in the table of the ſhifting of the Tides in the columns 
under H.W. later, and againſt the age of the Moon. | 


To find the time of High Water at any place, where the time of High Water is known 
on the Full and Change Days of the Moon. , 

To the time of H. W. on the New or Full Moon at the given place, add the time of the 
ſhifting of the Tides, in the column againſt the Moon's age, the ſum will be the time required. 
Ex, I. At what time will it be High Water at the Nore, the 1oth of January, 1784 ? 

By the foregoing table, a N.bE. and a S. bW. Moon makes High Water at oh. 45m. 
Moon's age 17 days, by table gives 1 * - 1224 

The Time of High Water - - 3 


Ex. II. At what time may a ſhip in the Downs fail to the Southward, with the firſt of the 
Current, the 2 1ſt of January, 1784 ? 
AS.S.E, and N. N. W. Moon makes H. W. on the Full and Change days at 10 h. zom. 


For 28 days Moon's age, add + - - - lo . 30 
High Water at — 5 pp 5 * - - Q . oo 
The Current runs towards the North after H. W. in the Downs - 3_- 39 
The ſhip may fail for the Channel at - - rr ot ITN 


Ex. 
Note. H. W. denotes High Water. 
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Ex. 111. At what time may a ſhip fail from Spithead for the Channel by Dunnoſe ? Alfo at 
what time muſt ſhe ſail to paſs through the Needles the 26th July, 1784 ? 

To ſolve this queſtion, obſerve, that the Tide which comes through the Needles to Spithead, 
runs there till half paſt nine on the Full and Change days; and at St. Helen's Road, it runs 
till nine; when the Tide from the Channel, which comes round Dunnoſe and enters the 
mouth of the Channel between Bembridge Point and Selſey, prevails and makes H. W. in 
St. Helen's Road at 10 h. 30 m. and at Spithead at 1 1 h. 15 m. theſe Currents ſet, in direction 
of this Channel, which is E. N. E. and W. N. W. from its mouth to the Offing of Calſhot 
Caſtle, or between it and Cowes, in the Iſle of Wight; the Channel then nearly lies W. S. W. 


and E. N. E. to the Needles; but to Southampton it lies N. W. h. m. 
Full Tide from the Needles at Spithead, at New and Full Moon 9 30 
July 26th, 1784, Moon 8 days old, for which add - - 9 
The ſhip may fail towards the Needles, that Tide done running, at — 2 42 
The current runs to the W. N. W. before H. W. about - - I 43 
And makes High Water at Spithead, at - - - 6 
The Current runs towards the Needles after HW, «+ — - 5 35 
The ſhip may fail for the Channel, at - 5 „ 
The Current runs from the Needles, at Spithead - - 3 
And makes Half Tide at Spithead, Cowes, &c. and may fail to the Needles at 3 os 
The Current from St. Helen's runs, at Spithead - - — 
And makes H. W. at Spithead, and on the oppoſite coaſts, alt 41 
The Tide flows about 6 h. and ebbs 6 h. 25 m. * 
A TABLE of the PRIMES and EPACTS from the Year 1767 till 1918. 
Years 
1862 1881]C 1900 
63 82 1 
64 83 2 
6818 844 
66 85]B 
67 86 a 
68 8 ; 
69]B 88 7 
70 89j}B 2 
71 1890 9 
72 916 1910 
738 92 11 
7. 938 1 
75 9 13 
1 14 
771Þ 96 1 5 
me 9 16 
19 9 17 
1880 99] 1918 


Remark, That three Intercalary Days are to be omitted in eve ears; i. e. the number of entire 
hundreds, not diviſible by 4, ſuch as mo 1800, 1900, 2100, me would be only common years. 

Note, The Tide from the North Sea, which meets the Channel Tide off the Engliſh coaſt, between 
Dengeneſs and Fairleigh, ſets almoſt an hour. after their meeting, towards the; Engliſh and French coaſts, 
and it then flows towards the Downs. Obſerve C, for common, and B, biſſextile years © 
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Of the THEORY of the TIDES, as demonſtrated by Sir Iſaac Newton“. 
In V. II. B. 3. Prop. 24, 25. 
B * the Principle of Gravity, whereby in the Earth all Bodies have a Tendency towards 
its Centre, as is moſt evident; and that there is ſuch a Gravitation towards the Centre of 
of the Sun, Moon, and all the Planets . 

2. From this Principle, as a neceſſary Conſequence, follows the Spherical Figure of the Earth 
(Land and Sea), and of all the other Celeſtial Bodies: And though the Tenacity and Firmneſs 
of the ſolid Parts ſupport the inequalities of the Land above the Level, yet the Fluids 7, 
preſſing equally, and eafily yielding to each other, foon reſtore the Equilibrium, if diſturbed, 
and maintain the exact Figure, as formed by Gravitation. 

* 3. The Force of Gravitation, and of the Dyſcent of Bodies towards the Earth's Centre, 

is leis and leſs as the Diſtance from the Surface of the Earth increaſes; and Sir I. Newton has 

demonſtrated, that this Force decreaſes, as the Square of the Diſtance increaſes d; that is, the 

Weight of Bodies, and the Force of their Fall, is leſs in Proportion of the Squares of the 

Diitances from the Earth's Centre. 

A TABLE ſhewing the Force of Gravity, or the Weight of Bodies at different Diſtances from 
the Surface of the Earth. 

Let the Radius of the Earth be called 1; and ſuppoſe a Body on its Surface to weigh 1 Ton 
or 20 C. Weight, if this Body be ſuppoſed to be removed to 1, 2, 3, &c. Semidiameters from 
the Earth, then by the Table ; | 


IDift. from Centre | Weight, 4. By this Law it appears that Gravitation is univerſal. 
Semidiameters. Hund. But the internal Gravity of Bodies within the Earth's Surface 
x 20 [ decreates as the Diſtance from the Centre; therefore a Body in the 
2 5 {| Centre can have no Weight, it being in the Centre, and therefore 
3 * not diſtant from it. 
4 | ip And in theſe proportions does the Fall of Bodies increaſe and 
5 0 decreaſe, whether without or within the Earth's Surface. | 
5 8 or, whereas near its Surface all heavy Bodies fall 16, 1 feet in one 


ſecond of time; and at 1 ſemidiamꝭeter above it, the Fall would be only 42+ feet, in that time. 
And at 4 ſemidiameters from the Centre, it would only fall , of that at the Surface, or 1 foot 
and v and fo on leſs and leſs; yet at all Diſtances it is ſomething, though the Effect becomes 
inſenſible. | 

5. The Ratio of the Fall of Bodies towards the Earth is as the Square of the time. 

6. And the Decreaſe of Gravity is as the Square of the Diſtance from the gravitating Body. 

7. At the Diſtance of the Moon, which ſuppoſe 60 Semidiameters of the Earth, the Force of 
Gravity is only ge part of that at. the Earth's Surface; and the Fall of a Body towards 
the Earth from thence, is only + part of that at the Earth's Surface: Hence the Incli- 
nation of a Body at the Diſtance of the Moon, to fail towards the Earth, is 16 feet in a 
minute; that is the ſame Diſtance in a minute, as at the Earth in 1” of Time. 

8. The ſame Force is evidently found (by obſervations of the Planets motions round the Sun) 
in the Sun, Moon, and all the Planets ; but in the Sun it is prodigious great, and acts through 
the Planetary Syſtem, and fo that the Forec of Gravity in the Celeſtial Spheres, acts proportio- 
nal to their Quantiries of Matter; and the Sun being at leaſt 1,000000 times as big as tie Earth, 
it's Gravitation or attracting Force will be at leaſt 2 30000 times as much as that of the Earth, 
acting on Bodies at the ſame Diſtance.. 

B The 

* Principia, V. II. Prop. 9. p. 229. The Denſity ot the Earth 400; the Sun 100; Jupit-r 04x ; Saturn 67. 

+ Gravitation of every Particle of Matter within the Surtace of the Earth, is in reſpect of the Centre of the 

arth a its Hiſtance theretrom directly; but at Diſtances above the Earth, as the Square of Diſtance inverſely. 

1 Al] Fluids will maintain an Equilibrium. Principia, V. II. p. 64. 

Tue weight of bodies about the Earth are as the Square of their diſtances from the Earth's Centre inverſelx. 
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d. This Law of the Decreaſe of Gravity being demonſtratively proved, and put paſt contra- 
diction, the author with great ſagacity enquired into the neceſſary conſequences of this ſuppo- 
ſition, whereby he found the genuine Caules of the ſeveral Appearances in the Theory of the 
Moon and Planets, and diſcovered the Law of the Motion of Comets, and of the Ebbing and 
Flowing of the Sea. 


10. All the ſurpriſing Phenomena of the Flux and Reflux of the Sea proceed from this Prin- 
ciple of Gravitation “. | 

11. If the Earth were not affected by the Actions of the Sun and Moon, it is not to be doubted, 
but the Ocean, being equally preſſed by the Force of Gravity towards the Centre, would con- 
tinue in a perfect Stagnation, always at the ſame height, without either ebbing or flowing: 
But it is demonſtrated that the Sun and Moon have a like principle of Gravitation towards 
their Centres, and that the Earth is within the Activity of their Attractions, it will plainly 
follow, that the Equality of the Preſſure of Gravity towards the Centre will thereby be diſturbed; 
and tho” theſe Forces be ſmall in reſpect of the Gravitation towards the Centre, yet the Ocean 
being fluid and yielding to the leaſt Force; by its riling, ſhews, where it 1s leſs and where it is 
more preſſed, by its riſing and falling +. 

12. Now if the Force of the Moon's attraction decreaſe as the Square of the diſtance from its 
Centre increaſes, we ſhall find that where the Moon 1s perpendicular either above or below 
the Horizon, eicher in the Zenith or Nadir, there the Force of Gravity is moſt of all diminiſhed, 
and conſequently that there the Ocean mult neceſſarily ſwell by the coming in of the Water, 


from thoſe parts where the preſſure is greateſt z viz. in thoſe places where the Moon is near the 
Horizon, and under the oppoſite Meridian J. 


I muſt deſire to make the following Remark, 


13. That is, At the Creation, ſuppoſe the Sun was placed in the Vernal Equinox, and the Moon 
in direct oppoſition in her Node in the Autumnal Equinox; by which the Sun enlightened the 
Earth by Day, and the Moon by Night, and the Moon having begun her diurnal and annual 
Motions : And by the Univerſal Law of Gravitation, given to the whole Syſtem of Bodies 
created, by the Creator; they began to act on each other, and in conſequence thereof, by the 
Attraction of the Sun and Moon , the Force of Gravity towards the Centre of the Earth was di- 
miniſhed, under oppoſite Meridians, and moſtly ſo under their Zeniths; for thoſe parts are 
moſt attracted that are neareſt to the Sun or Moon, by which decreaſe of central Attraction, or 
Gravity, the Water would flow towards thoſe parts under the Sun and Moon; and each Lu- 
minary would attract laterally, to 60 deg. from its Zenith: Conſequently the fluid Earth, would 
be raiſed in oppoſite Parts, and depreſſed in oppoſite Parts, which is in the Horizon of the Sun 
and Moon: By this the ſpherical figure of the Earth became ſpheroidal. We are now to con- 
{ider the effect of thoſe Actions of the Sun and Moon, in reſpect of the Earth's Rotation on its 
Axis in 24 Hours; allo in reſpect of the Motions of the Earth and Moon in their Orbs ||, 

Remark, 2. The influence of the Moon in raiſing the Tides, is to that of the Sun, as 
4,48 15 to 1. Principia Lib. 3. Prop. 36 C. 
Buy the motion of the Harth on its Axis [*, the longeſt Diameter of the fluid Earth, is not in 
direction of the Moon's Centre, for the whole maſs of the Earth on its Axis being from Weſt 


to 


* Prin, V. II. p. 202. Pure r. We are to admit no more cauſes of natural things, than ſuch as are both true 
and {ufficient to explain their appcarances. 

Rvr.s 2. Theretore to the ſame natural effects, we mull as far as poſſible, afſien the ſame cauſes. 

+ Prin. p. 255. be! lux and Reflux of the Sea ariſe from the Actions of the Sun and Moon. 

t Dr. Halley's Miſcell nia Curioſa, p. 19. 5 

$ Prin. p. 305, 307. Moon's Peried. 29 d.r2 h. 44 m. 


4. — f The mean daily Motion of the Moon Eaſtward, 
* 703,75 Hours, by which ſhe paſſes the Meridian later each Day. 
7083: 24h.:: 24 h.: 48 m. 49 ſec. * 
Eternity to the End of Time, or fo 


| aſl » long as the Eart* revolves on its Axis, for Time is meaſured by the 
approach and receſs of the Meridian to the Sun, X 


] Joihun, Ch. 13, v. 12. Remark, This might fo happen, by divine Ordinance : But why ſo, for to 
Terre the purpoſe of the Gibconites, 


oy 


CF 7 


of the Earth's rotation. 
14. Hence the Moon will always be to the Weſt of the Meridian of the parts of the greateſt 
elevation; which by calculation will be about 45 d. or 3h. | 

15. Alſo ſince the Tides flow at the ſame time, under oppoſite Meridians, as at firſt propagated 
by the actions of the Sun and Moon, and the Earth revolving towards the Eaſt, endeavours to 
carry the raiſed Water with it; but the Attractions of the Sun and Moon, drawing it towards 


them, by which Force the Water flows towards the Weſt; and theſe two Tides will keep flow- 


ing in ſuch manner to Eternity “. 


16, The Water being thus put in motion, will perpetually be ſo by the Rotation of the Earth, 
and by the Forces of attraction of the Sun and Moon: But if the Earth's Rotation was ſtopt, 
by which the Sun would appear to ſtand ſtill, and Time to be at an End.—As faid to be in the 
Days of Joſhua, when the Battle was fought between the Gibeonites and the Amorites. Sun, 
« ſtand thou ftill upon Gibeon, and thou Moon in the Valley of Ajalon+.” V. B. And the Sun ſtood 
ſtill and the Moon ſtayed, until the People had avenged themſelves upon their Enemies; is 
not this written in the Book of Joſhua? So the Sun itood ſtill in the midſt of Heaven, and 
haſted not to go down about a whole day, v. 14. And there was no Day like that, before it, or 
after it, 'v. 17. The five Kings were found laid in a Cave at Mackedah. 

Now granting this to be the Caſe, that the Sun and Moon apparently ſtood ſtill, or that the 
Earth had no Rotation on its Axis for the ſpace of a Day ? What a confuſion would the Inhabi- 
tants of the whole Earth be in! Thoſe in the illuminated Hemiſphere by ſeeing the Sun and Moon 
to ſtand ſtill, and thoſe in the nocturnal Hemiſphere by having no appearance of Day for ſo long 
a Time. | 
17. It is not the Actions of the Sun and Moon only, that cauſes the Tides, but the inequali- 
ties of the Actions of eacli, which produce the effect. And when the Actions conſpire together, as 
in the Change and Full of the Moon, when they are nearly in the ſame line with the Centre of the 
Earth, and therefore unite their Forces; fo that the Tides are greateſt, and are called Spring 
Tides : But the Action of the Sun, when the Moon is in her Quadratvres, diminiſhes the Ac- 
tion of the Moon, becauſe the one raiſes the Water in that Caſe where the other depreſſes it; 
and therefore the Tides are then leaſt, and are called Neap-Tides. ok 
18. The higheſt Tides are not on the Full and Change Days of the Moon, for this requires 

ſome Time after the greateſt Force, to produce the greateſt Tides, alſo the like tor the 
Neap-Tides. | 
= The high Water does not always anſwer to the ſame Poſition of the Moon, but happens 
ſometimes ſooner and ſometimes later, as if the Moon only acted on the Water, This 
proceeds from the action of the Sun, which makes high Water ſooner when the Sun alone 
would produce a Tide earlier than the Moon, which is the Caſe in the 1ſt. and 3d. Quarters 
of the Moon; but in the 2d and 4th Quarters, the Times of high Water is retarded, becauſe the 
Sun alone would produce a Tide later than the Moon. 
20. The different diſtances of the Moon from the Earth, produce likewiſe a conſiderable vari- 
ation in the Tides. For the Force of the Moon increaſes as the Squares of the Diſtances decreaſe. 
21. The Moon deſcribes an elliptic Orb about the Earth, and produces a greater Tide at the 
leaſt diſtance than at her greateſt diſtance. Hence it is evident that the two Spring Tides 
ſucceeding each other, cannot both be high Spring Tides ; for if the Moon be at her neareſt diſ- 
tance from the Earth at the Change, ſhe muſt be at her greateſt diſtance at the Full, therefore 
the higheſt Spring Tide would be at the Change; and vice verſa; the high Spring I ide being at 


the 


* The Actions of the Sun or moon are unequal, and the parts of the Earth that are che neareſt, are the 
moſt attracted, 

+ Luminary, any thing that gives Light, | 

Lateral attraction, is that in direction of the Horizon of each Object j. e. Horizontal. 

Horizon of any Place on the Earth, is th: great Circle at god. from the Zenith of that Place. 

B. 3. Prop. 8. Cor. 1. The Weights of Fodies revolving in Circles about Planets, are as the Diameters of the 
Circles directly; and the Squares of their Periodic Times reciprocally. 


* 


to Eaſt, the moſt elevated parts of the Water will be towards the Eaſt of the Moon, in direction 
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Wo. 
the Full, the ſucceeding Spring Tide at the Change cannot be fo great, becauſe of the diſtance 
of the Moon being greater. 

22, The effect 915 the Sun and Moon is greateſt when in the Equinoctial; for then the Axis of 
the ſpheroidal figure ariſing from their actions, moves in the greateſt Circle, and the Water is 
put into the greateſt agitation : Hence the Spring Tides produced when the Sun and Moon are in 
the Equinoctial, are the greateſt of any; and the Neap-Tides are the leaſt which happen when the 
Sun and Moon have their greateſt Decline. Becauſe the Sun is nearer the Earth in our Winter, 
than in Summer, therefore the greateſt Spring Tides are after the Autumnal and before the 
Vernal Equinox. | 

23. Since the Tides depend more upon the Action of the Moon than that of the Sun, they 
are therefore greateft when the Moon's Action is greateſt, 

24. When the Moon dechnes towards either Pole, one of the greateſt Elevations of the Water 
follows the Moon, and deſcribes nearly the parallel on the Earth's Surface, which is under the 
diurnal Arch of the Moon; and the oppoſite Elevation of the higheit part of the Tide will be 
in or near the Antipodes of the other Tide, which will be as much on the other ſide of the Equator, 

Conſequently if a place is on the ſame fide of the Equator with the Moon, the Day Tide, or 
that which is produced while the Moon is above the Horizon of the place, will exceed the Night 
Tide; or that which is produced while the Moon is under the Horizon. 

Likewiſe if the Sun and Moon both deſcribe the Tropic, of the ſame Name as the Latitude, 
the Tides will be augmented; bur if they are in the oppoſite Tropics, the Tides will be diminiſhed, 

25. By obſervation, the Evening Tides in the Summer exceed the Morning Tides, and the 
Morning Tides in the Winter exceed the Evening Tides : For in the Summer the Sun raiſes. the 
Tides following hi Zenith, to the N. of the Line, and the oppolite Tide, to the S. of the Line, 
they are higheſt; & the Contra in the Winter. 

The difference of thoſe Evening and Morning Tides. are found at Briſtol to be 15 Inches and 
at Plymouth 12. 

26, That the Tides may have their full motion, the Ocean in which they are produced ought 
to be extended from Eaſt to Welt, at leaſt god. or + of the Equator; becauſe the places 
where the Moon raifes and depreſſes the Water the moſt, are at that diſtance from each 
other. Hence the Tides in the Pacihc Ocean, exceed thoſe in the Atlantic Ocean. Allo it 1s 
Obvious why the Tides are not ſo great in the Torrid Zone, between Africa and America, where 
the Ocean is narrower, as in the temperate Zones on either ſide ; and from this alſo we may under- 
ſtand why the Tides are ſo ſmall on the Coaſts of INands, that are far diſtant from the Shores of 
Continents. It is maniteſt, that, in the Atlantic Ocean, the Water connot riſe on one Shore, 
dut by deſcending on the other; ſo that at the intermediate diſtant Iſlands, it muſt continue at 
a mean height betwixt its Elevation on one Shore and on the other. 

22. The Tide that is produced on the Weſtern Coaſt of Europe, in the Atlantic, correſponds 
to the ſituation of the Moon: Thus it is high Water on the Coaſts of Spain, Portugal and the 
Veſt of Irelond, about the 3d hour after the Moon has paſſed the Meridian; and from thence 
it flows into che Adpacent Channels, as it finds the caſielt Paſſage. 

One Current from it runs up by the South of England, another comes along the Coaſt of 
Scotland: And while it is flowing in one place, it is ebbing in another. The Tide takes 12 
Hours mn coming from the Ocean to Lndon- ridge. So that, when it is High Waicr at London, 
a new Tide is come to its height in the Ocean, and in ſome intermediate place, it rult be Low 
W ater at the ſame Time. 

Our Author (Dr. Halley | alfo obſerves, that when the Tide runs over Shoals, and flows upon 
flat Shores, the Water is raiſed to © greater height than in the open and deep Oceans that have 
ſteep Banks; becauſe the Force of us Motion cannot be broke upon theſe level Shores, till the 
Waier rites to à greater height. If 


P. 3. Prop. 6. Cor 5. The Power of Gravity, is of a different Nature from the Power of Magnetiſm, For 
the migretic Attraction is not as the Matter ttracted. Ihe magnetic Attraction is net as thc Squaies but as the 
Cube ol zue dütauce reciprocally, or very nearly. 
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28, If a place communicates with two Oceans, one of which has à readier and eaſter Paſſage 
than the other ; two Tides may ariſe at that place at different times, which interfering with each 
other, may produce a great variety of appearance. And by which there may be produced two 
ebbs and two floods for each Tide. 

For inſtance, at Batſha, a Port in the Kingdom. of Tunquin in the Eaſt Indies, whoſe 
Latitude is 205. 50” North; the Day in which the Moon paſſes the Equator, the Water there 
ſtagnates; and as the Moon begins to decline from the Plane of the Equator, the Water begins 
to riſe and fall once a Day; and it is High Water at the ſetting of the Moon, and Low 
Water at her riſing. This daily Tide increaſes for about 7 or 8 Days, and then decreaſes for 
as many Days: And when the moon has paſſed the Equator to the Southward, the Tide begins 
again to flow, and produces High Water at her Riſing and Low Water at her Setting. Our 
Author * accounts 2 this extraordinary tide, by the two Inlets to this Port; one from the 
Chineſe Ocean, betwixt the Continent and the Manillas, and the other from the Indian Ocean, 
betwixt the Continent and Borneo (whence the Solution) that a Tide may arrive at Batſha 
through one of theſe Inlets at the third Hour of the Moon, and another —_— the other 
Inlet at the ninth Hour of the Moon: For while theſe Tides are equal, the one flowing in as 
the other ebbs out, the Water muſt ſtagnate for ſome Time ; and they are equal when the 
Moon is in the Plane of the Equator : But as ſoon as the Moon begins to decline on the ſame 
ſide of the Equator with Batſha, the diurnal Tide muſt exceed the nocturnal one; ſo that two 
greater and two leſſer Tides muſt arrive at Batſha by turns, and the Difference of theſe two 
will produce an Agitation of the Water, which will riſe to its greateſt height at the mean 
time betwixt the two greateſt Tides, and fall loweſt at a mean time betwixt the two leaſt 
Tides ; fo that it will be High Water about the Change Hour, at the Setting of the Moon, 
and, Low Water at her Riſing. 

When the Moon has got to the other ſide of the Equator, the nocturnal Tide will exceed 
th diurnal, and therefore the High Water will be at the Riſing, and Low at the Setting of the 

oon. | 

Obſerve, the like Cauſe in all other Caſes of this nature will produce like Effects. 

29. Since the Sun and Moon attract the Earth in the Ratio of x to 4+ nearly, which is their 
ſeparate effects of raiſing the Tides; whence the ſum and difference of their effects are as 53 to 
37 nearly; therefore their greateſt joint effects can never exceed 1 1 feet in the alteration of the 
height of the ſurface of the Water in the Sea; but in Channels and Rivers, by its running 
ſome hours up them, it may riſe two or three times that height or more by ſuch progreſſive 
motion before it be retarded. | 

30. The height that Spring Tides flow at Dover, Deal, Harwich and at Hull, is from 20 
to 24 feet; and Neap Tides about 12 feet. 

31. A very ſlow and imperceptible motion of the whole body of the Water, where it is 2 
miles deep, will ſuffice to raiſe its ſurface 10 or 12 feet in a Tide's time; whereas, if the ſame 
quantity of Water were to be converted up a Channel of 40 fathoms deep, it would acquire 
a very great Stream to effect it: Whence the Tide is found to ſet ſtrongeſt in thoſe places 
where the Sea is narroweſt, the ſame quantity of Water being to paſs through a ſmall paſſage : 
This is evident in the Streights between Portland and C. de Hague in Normandy, where the 


Tide runs like a ſluice. 


32. The Tides in the port of Tunkin in China, which are ſo extraordinary, having but 


one 1 lood and Ebb in 24 hours; and when the Moon is near the Equinoctial there is no Tide 
at all f. 


* Dr. Halley's Miſcel. p. 23. | , 
+ Sir I, Newton attributes the Cauſe to be from the Concurrence of two Tides, the one propogated in fix 


hours out of the great South Sea, along the Coaſt of China; tie other out of the Indian Sea, from between 
the Iſlands, in twelve hours, along the Coaſt of Malacca and Cambodia. 
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ently ſeparated by the interpoſition of great Tracts of Land. 


towards the N orth or South according to the poſition of the place. 
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(10 ) 
Or Tas TRADE WINDS AND MONSOONS. 


TRADE Wind, is the Wind that blows always "Ute" ſame way, or from the ſame 
Point of the Compaſs, or nearly ſo. 

A Monſoon is a periodical Wind. Hence; 

Monſoons are ſhitting Trade Winds which are in the (Eaſt, Indian Ocean and Seas, which 
blows periodically, ſome for half a Year one way, and the other half Year the other way, 
Others, but for three Months, and then ſhift and blow directly the contrary way for the ſame 
time; and ſo on alternately and interchangeably. 

An exact Account of the conſtant and periodical Trade Winds, obſervable in ſeveral parts 
of the Ocean, is a part of Natural Hiſtory, not leſs deſirable and uſeful than its difficult to 
obtain, and its Phœnomena hard to explain “. 

The univerſal Ocean may properly be div ided into three Parts. ä 

1. The Atlantic and Ethiopic Sea. 2. The Indian Ocean. 3. The great South Sea, or the 


Pacific Ocean: And though theſe Seas do all communicate, by the South, yet they are ſuffici- 


In the Atlantic and Ethiopic Seas, between the Tropics, there is a gencral Eaſterly Wind 
all the Year long without any conſiderable variation; but ſubject to be ; deflected a few Points 


Theſe DefleCtions are as follow: 
1. Near the Coaſt of Africa, as ſoon as you have paſſed the Canary Iſles, you are ſure to 
1cet a freſh Gale of N. E. Wind, about the Latitude of 28 d. N. which ſeldom comes to the 
Laſtward of the E. N. E. or paſſes the N. N. E. This Wind accompanies thoſe bound to the 
Southward, to the Lat. of 10 d. N. and about 100 Leagues from the Guinea Coal! ; where 
to the 4th degree of N. Lat. they fall into Calms and Hurricanes +. 
Thoſe bound to the Caribbee Ifles, finding as they approach the American fide af the At- 
1:ntic Ocean, that the N. E. Wind becomes more and more Eaſterly, ſo as ſometimes to be E. 
J E. b. S. but moſtly a Point or two to the North of the Eaſt; and it is likewiſe obſerved, 
nat the Strength of theſe Winds do gradually decreaſe as you ſail to the Weſtwards. . 
The Limits of the Trade and variable Winds in the North Atlantic are further extended 
on the American fide than the African; for near the Coaſt of America it holds to 31 or 32d. 
North-; and the like to the South of the Line 4 
From the Lat. of 4 d. N. to the Lat. of 30 8. the Winds are e and per petu ally 
between the S. and the E. and molt commonly between the E. and S. E. but on the African 
fide they are more Southerly, and. on the Brazilian more Eaſterly, fo as to become nearly due E. 
the little Deflection they have being Southerly 6. 
The ſeaſon of the Year has ſome {mall Effect on theſe Trade Winds, for when the Sun has 
a conſiderable declination N. the S. E. Winds, eſpecially between Brazile and the Coaſt of 
Guinea, do vary a point cr two to the Southwards ; and the N. E. Trade becomes more Eaſt- 
erly : And, on the contrary, when the Sun has about 20 d. of South decl. the S. Eaſterly 
Winds become more Eafterly, and the N. Ea%erly Winds on the N. of the Line veer more 
to the Northwards. 
That as there is no general Rule that admits not of ſome Exception, ſo there is in this Ocean 


a Tract of Sea wherein the S. W. Winds are perpetual, viz. All along the Coaſt of ne, 
or 


. * Varenius, General Geography, B. I. Ch. 21. Many have in vain endeavoured to account for theſe. 
| # Torn: > Heap or Hurricanes, 
: Like Cauſes produce like Effects. 
§ Dr. Hilley favs in p. 63, 64. th: at in the Southern Part of this Ocean, he has paſſed a full Year aud found 
the Winds conſtantly about the 8. E. and 8. E. by E. but when E. it generally blew hard, 


1 
for above 500 Leagues together“, from Sierra Leona to the Iſle of St. Thomas: For the South 
Eaſt Trade Wind having paſted the Line and approaching the Coaſt of Guinea, within 80 or 
109 Leagues, inclines towards the Shore and becomes S. S. E. and as you come nearer to the 
Shore, it veers abo.:t to the S. and S. S. W. and in with the Land, S. W. and ſometimes W. 
S. W. there are ſometimes Calms, and other times Tornado's from all Points of the Compaſs . 
To the Northwards of the Line between 4 and 10 d. of Lat. N. and between the Meridians 
of Cape Verd and of the Faitermoſt of the Ifles of that name, there is no Trade Wind, or 
et a variable Wind, it being moſtly calms g, attended with terrible Thunder and Lightning 
and Rains. There are Breezes from different Points which ſoon die away. 

In the Months of July and Auguſt Ships find a Difficulty to paſs to the Southward, be- 
cauſe of the S. E. Winds, extending ſome Degrees beyond the uſual limit of 4 d. N. which 
Winds blow iomerimes from the South. 

Being in with che African Coaſt, the Wind generally blows at S. W. and W. S. W. with 

which Winds, Ships make to the Southw ard, and then get a S. Eaſterly Wind, by which they 
make the Gold Coaſt and the Iſland of St. 3 horas F. 
For the ſake of theſe general Winds, all thoſe who uſe the Welt India Trade, and ſome 
bound to Virginia count it the belt Courſe ||, But homes ards bound from America, makes 
the Lat. of 32 d. N. as {von as poſſible, where they find the Winds begin to be variable; and 
then they gent rally ſoon get a S. W. Wind . 

Near the Shore the Winds vary both in Force and Direction, from the Stuation of Moun- 
tains, Vallies and Woods, as alſo fron the Texture of the Soil} being more or leſs capable 
of condenſing V apours, or of reflecting Heat. Water and marſhy Land condenſes, but 
_— chalky. and Lime-ſtone reflects. 

In the Indian Ocean, between the Lat. of 10 and 30 d. S. which is between Madagaſcar 
an New Holland, the general Trade Wind about the S. E. by E. is found to blow all the 
Year long. 

2. The S. E. Winds extend to within 2 d. of the Equator during the Months of June, July 
aud Augult and to November, at which time between 2 and 10 d. S. near the Meridian of the 
N. end of Madagaſcar, and between 2 and12 d. S. near Sumatra and Java, the contrary Winds 
from the N. W. or between the N. and W. iet in and blow for half the year, from the be- 
ginning of December till May, and this Monſoon 1s obſerved as far as the Molucca Iſles J. 
There is another Monſoon from 3 d. S. over the whole Arabian or Indian Sea and Gulf of 
Bengal, from Sumatra to the Coaſt of Africa, blowing from October to April N. E. but from 
April to October upon the oppoſite Point S. W. or W. S. W. and rather ſtronger than the 
ocher. Theſe Winds in theſe Seas are generally more Southerly on the African ſide, more 
Weſterly on the Indian. 

Between the African Coaſt and Madagaſcar, and as far as the Line, from April to October, 
there is a conſtant freſh S. S. W. Wind, but as you go more Northerly, the Wind becomes 
more Weſterly, ſo as to fall in with che W. S. W. Wind. 

To the Eaſbward of Sumatra and Malacca, to the North of the Line, and along the Coaſt of 
Cambodia, Camboia and China, the Monſoons blow N. and S. that is to ſay, the N. E. winds'are 
much Northerly, and the S. W. much Southerly (“. This reaches Eaſtwards of the Philippine 
Illes, and as far as the Iſles of Japan to 40 d. North. The Northern Monſoon ſets in, 
in October or November, and the Southern 1 in _ which blows all the Summer res 
Note, 3 


* 22 = 25 d. the Wind comes from the Sea towards the Land, S. 8. W. and 8. W. from the Lat. 8d, 
North along the Coaſt of Guinea, the Gold Coalt, 

+ Calms at 80 L eaves from the ſhore contain about 6 d. of Lat. Ships in ſai ling thſe are frequent'y a raouths 
1 The Sea ot perpetual Calms contains about 6 d. of Lat. and 6d. of Lon; Ships in og theſe are tre- 
quently 4 Month. 

5 Guincamen fail E. S. F. till they fall in with the Coaſt of Guinea. 

| the Wef-Indiamen,: Carolina and Virginia Ships outwafds, 

N Molucca Illes, about 25 d. Eaſt rom the Straits of Malacca, 

(*) Canton, 23 d. N. 112 d. E. Pekin 340 d. N. Lat. of China. 


: 
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Note, That the end of the Weſterly Monſoon on the Coaſt of Coromandel, and the two 
laſt Months of the Southerly Montoon in the Chineſe Seas are ſubject to be tempeſtuous ; they 
are violent, much like the Weſt India Hurricanes, and render the Navigation of theſe party 
very unſate about that time of the year ; with this difference that the Northerly is towards 
the N. W. and the Southerly towards the S. E. and the change about a month or 6 weeks later, 

They are termed by our Seamen, The Break-up of the Monſoons,” 

To aſſign the Cauſe. 


1. Why theſe winds are perpetually from the E. in the Atlantic and Ethiopic as likewiſe 
in the Pacific Ocean, between the Laiitudes of 30 d. N. and S. 


2. Why theſe winds extend no further than 30 d. N. and S. 

3. Why there ſhould be a conſtant Southerly wind upon and near the Coaſt of Guinea. 

4. Why in the N. point of the Indian Ocean the winds ſhould change and bluw from the 
oppoſite point the other halt year. 

5. Why to the North o? the Equator the wind ſhould blow from the Northward of the E. 
and to the S. of the Equator from the Southward of the Eaſt. | 

6. Why in the Chineſe Seas there ſhould be ſo great an Inclination from the E. to the N. 
more than elſewhere, all which are much eaſier propoſed than anſwered. 

Wind is molt properly defined to be the Stream or Current of the Air; and where ſuch a 
Current is perpetual and fixt in its Courſe; it is neceſſary that it proceed from a permanent 
unintermitting Cauſe * : Wherefore ſome have been inclined to propoſe the diurnal Rotation 
of the Earth upon its Axis, by which, as the Earth turns Eaſtwards, the looſe and fluid par- 
ticles of the Air, being ſo exceeding light, that they are lett behind; fo that in reſpect ot 
the Earth's Surface they move Weſtwards, and become a conitant Eaſterly wind. This opinion 
ſeems confirmed, tor that theſe winds are found only near the Equator, in thoſe Parellels of 
Latitude where the diurnal Motion is ſwifteſt; and we wight readily aſſert to it, if the conſtant 
Calms in the Atlantic Ocean, near the Equator ; the Weſterly winds near the Coaſt of Guinea; 
and the Periodical Weſterly Monſoons, at the Equator in the Indian Seas, did not declare the 
inſufficiency thereof; beſides, the Air being kept to the Earth by the principle of Gravity, 
would acquire the ſame degree of velocity that the Surface of the Earth moves with, as well 
5 reſpect of the diurnal Rotation as of the annual round the Sun, which is about 30 times 
WII ter. 

It now remains to ſubſtitute ſome other cauſe capable of producing a like conſtant Effect, 
agreeable to the known properties of the Elements of Air and Water, and the Laws of the 
Motion of fluid Bodies. 

1. Such a cauſe, we may conceive, to be the Action of the Sun's beams upon the Air and 
Water, as it paſſes every day over the Oceans, conſidered together with the nature of the Soll 
and fituation of the adjoining Continents. Therefore according to the Law of Statius, the 
Air which is leſs rarified or expanded by heat, and conſequently more ponderous, mult have a 
motion towards thofe Parts thereof which are more rarified and lets ponderous, to bring 1t to 
an Equilibrium.—2., That the Preſence of the uns being Weſtwards continually, that part 
towards which the Air tends, by reaſon of rarification made by its greateſt meridian heat, i 
with the Sun carried Weſtwards, and conſequently the whole tendency is that way.— 3. Thus 
a general Eaſterly wind is formed, which being impreſſed upon all the Air of a large Ocen, 
the parts impel one another, and ſo keep moving till the next return of the Sun, whereby fe 
much of the Motion as was loſt is again reftored, and thus the Weſterly wind is made per- 

tual +. | | 
rr From the ſame principle it follows, that this Eaſterly wind ſhould on the North fide of 
the Equator be to the Northwards of the Ea, and in South Latitudes to the Southwards cf 
the Eaſt: For near the Line the Air is much more rarified than in any other place; beczule 
the Sun is twice a year vertical to all places within the Tropics, and its diſtance from the Line, 
never exceeds 23; d. but from the 'Tropics, it recedes 47 d. once a year, and then _—_ 

inte 


* A durable and unmixed Cauſe. 
+ Eaſterly and Weſterly Winds produced. 


3 Parts of the Earth neareſt the Equator are heated the moſt, 


E | | 
Winter with them; wherein the Air ſo cools, as that the Sommer heat cantiot Warm it to the 
ſame degree as that at the Equator. Wherefore the Air to the Northwards and Southwards, 
being leſs rarified than that in the middle, it fofloivs that from both ſides it ought to tend to- 
wards the Equator in conformity to this cauſe, which obſervations have ſhewn to be fo*®. And 
this motion compounded with the former Eaſterly wind, anſwers all the Phænomena of the 
eneral Trade Winds, which, if the whole ſurface of the Earth was Water, would inevitably 
low all round, as they are obſerved to do in the Atlantic Ocean. 

But the interpoſition of great Continents break the continuity of the Oceans, together with 
the nature of the Soil, and the poſitions of high Mountains, may juſtly be taken for the 
cauſes of the ſeveral variations of the winds, from the above : For, a Continent lying nearly 
under the Sun, being flat, ſandy, low land, ſuch as the Deſerts of Lybia ꝶ are ſaid to be, fo 
that the heat occaſioned by the Reflection of the Sun's beams, and the retention thereof 
in the ſand, is incredible to thoſe who have not felt it, the denfe Air flowing in to reſtore the 
Equilibrium; from the Seaward, near the Coaſt of Guinea, where the wind always ſets in 
upon the land, blowing Weſterly T. There is ſufficient reaſon to believe that the inland parts 
of Africa are prodigious hot, ſince the Northern borders thereof were ſo intemperate as gave 
the ancients cauſe to conclude, that all beyond the Tropic was made uninhabitable by excels 
of heat. From the ſame cauſe it happens, that there are ſuch frequent calms in that part of the 
Ocean, and by nearly perpetual and conſtant Calms and frequent Rains, it is called the Rains 
this tract hes in the middle between the Weſterly and Eaſterly winds, and the Air being there 
in a ſtate of Equilibrium between them &; and the weight of the incumbent Atmoſphere be- 
ing diminiſhed by the continual contrary winds blowing from thence, is the reaſon that the 
upper air there has a currency downwards i, whereby the vapours being jumbled together, 
cohere, and thereby compoſe the drops of the ſhowers of Rain ; and this is the reaſon why 
the Air in that Sea cannot ſupport the vapour it receives, but lets it fall by frequent ſhowers. 
But as the cool and*denſe Air, by reaſon of its greater gravity, preſſes upon the hot and rari- 
fied, ſo that the hot Au muſt aſcend, and in a continual ftream as faſt as it rarifies (*); and that 
being aſcended, it muſt diſperſe itſelf to preſerve the equilibrium; and that by a contray cur- 
rent, for the upper air muſt move from thoſe parts where the greateſt heat is : So by a kind 
of circulation the N. E. trade wind below, will be attended with a S. Weſterly wind above (+); 
and the S. Eaſterlv with a N. Weſterly wind above. This is confirmed by the Monſoons, 
and experience has ſhewn the ſudden change of the wina to the oppoſite point which 1s fre- 
quently found in paſſing the limits of the trade wind. 

Suppoſing ſuch a circulation, as before recited, to the Northward of the Indian Ocean, where 
there is every where land within the Limits of 30 d. Lat. viz. Arabia, Perſia, India, &c. 
which for the fame reaſon as the Mediterranean parts of Africa are ſubject to exceſſive heats (4), 
when the Sun has a conſiderable N. declination: But when the Sun returns to the Southward 
(S. decl.) the Air becomes cold eſpecially over the ridge of mountains at ſome diſtance within 
the land, which are frequently covered with ſnow in winter, over which the air, as it paſſes, 


muſt needs be much chilled. Hence the . according to the general rules, out to 
(oy 


* The Wind tends towards the Equator, from 30 d. Lat. N. and S, 

+ Lybia is Weſt of Egypt 

{ Weſterly nearly Wet, The Wind blows W. i. e. from the Weſt, occaſioned by the greater rarification of 
the Air on the Land. | | 

$ That 1s, between the Winds. 

be upper Air ſets downwards. 

ET Calms and Rains almoſt conftant. 

(* Hot Air aſcends as faſt as it rarifies. 

(+) Winds, the upper and lower blow different ways. 

{!) Natural effects of the ſame kind arc owing to the ſame cauſes, Sir Iſaac Newton's Principles. 
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the N. E. from the Indian Seas, is ſometimes hotter, ſometimes colder than that by the circuta: 
tion is returned out of the S. W. and, by conſequence, ſometimes the under current of the 
Wind is from the N. E. ſometimes from the S. W. 

That this has no other cauſe, is evident from the times theſe winds ſet in, viz. April; 
when the Sun begins to warm thoſe countries to the North, the S. W. Monſoon begins, and 
blows till October; when the N. Latitudes grow cooler and the Southern hotter ; when the 
N. E. Monſoon begins and blows till April: And from the ſame principle to the South of the 
Equator, in part of the Indian Ocean, the N. W. winds ſucceed to the S. E. when the Sun 
draws near the Southern Tropic. 

Note, In the Ethiopic Ocean there is a S. E. wind all the year. 

It is very remarkable that the Trade winds ſhould be fixed to the limits of 13 d. of Lat. 
all round the globe. 

And that in the Indian fea, only the Northern part ſhould be ſubject to the changeable 
Monſoons, and in the Southern, there ſhould be a conſtant S. E. wind“. Theſe particulars 
merit to be conſidered more at large by thoſe who are accuſtomed to philoſophic contemplation, 

Remark, That the Andes are mountains which run N. and S. almoſt the whole length of 
S. America, through the Countries of Peru and Chili, parallel to, and but a little diſtance from 
the Pacific Ocean, eſteemed the higheſt land of the Earth, and they are covered with ſnow in 
the warmeſt climates +. 

A moderate gale of wind has a velocity of about 15 miles an hour; whereas the Doctor + 
concludes, that the very great ſtorm in November 1703, might be between 30 and 60 miles, 
the ſwifteſt velocity in a great ſtorm. 

The velocity of ſounds, by various experiments, at a mean 1s 1142 feet in one ſecond 
of time; but by Mott's Newton's Principia, p. 182, by calculation, ſound flies 1088 f. in a 
ſecond. If the atmoſphere conſiſt of 10 parts of true air and 1 of vapours, the motion of 

ſounds will be ſwifter in the ſubduplicate ratio of 11 to 10, or very nearly in the entire ratio of 
21 to 20; by this means the ſound will paſs through 1142 f. in one ſecond of time F. 

Theſe velocitie will be found true in Spring and Autumn, but when the Air is more rarified, 
as it is in Summer by the Sun, the velocities will be greater; and in the Winter, it will be lets; 
as the velocity depends an the elaſtic force of the Air. | 

An eſtimate of the quantity of vapours raifed out of the Sea, derived from experiment, by 
Dr. Ed. Halley ||. He ſays, We took a pan of coals and put it under a pan of water about 4 
inches deep and 7% diameter, in which we placed a Thermometer, and the water being a little 
heated, we brought it to the ſame degree of heat as the air in Summer; the pan of coals and 
water were placed in one end of a balance, and weights in the other ſcale of the balance; and 
we kept the water in the ſame degree of heat, by removing the pan of coals at pleaſure. At 
the end of two hours we found the water -had evaporated half an ounce, Troy : wanting only 
7 grs. though one could hardly perceive it ſmoke, I ſhall aſſume, as Dr. Bernard, that 
a cubic foot of water weighs exactly 76 Ib. Troy; which divided by 1728, gives 2533 grs. 
or 3 Oz. and 13 grs. the weight of one cubic inch of water. Hence we fnd that % of an 
inch depth of water was evaporated in 2 hours; therefore in 12 h. it exhaled { of an inch; 
which quantity will be ſufficient to account for all the rains, ſprings and dews, that happen, 
when the large ſurface of ſeas, rivers and lakes are conſidered. | 

The Caſpian ſea being always at a ſtand, neither waſting nor overflowing ; as likewiſe for 
the current that ſets in at the Streights of Gibrattar, though thoſe Mediterranean ſeas receive 
ſo many, and ſuch conſiderable rivers, Y 

ow 


* Dr. Halley's Account, p. 79. If 10 ſquare inches yield 4 oz, 144 will yield y,2 oz. per day. 

+ Salmon's Gazetter, 7 

? Dr. Derbam meaſured the velocity of the wind in chat great ſtorm which happencd the 11th of Auguſt 
1705, was. 33 fect per halt ſecond, or 45 miles per hour. 

& 1142 fect Englith, or 1070 teet, French. 


1} Mitccllania Curioſa, p. 1. And 231)1728(7z gallons in onc ſolid foot, B 7, 5) 76, o(10 lb. Troy. per gal. 


(15, } 

Now if 10 ſquare inches of the ſurface of Water yield 1 cubic inch of water per day, and 
each ſquare foot half a pint “, and every ſpace of 4 feet ſquare half a gallon, then a mile 
ſquare would yield 6914 tons; hence a degree ſquare, or 60 Engliſh miles would evapo- 
rate 33 millions of tons, And if the Mediterranean contains 160 degre-+ g. of ſea, it mult 
loſe in vapour, in a Summer's day, at leaſt 5280 millions of tons, bes what che winds 
take up, which ſometimes is more than it is exhaled by the heat. 

The Mediterranean receives the following rivers, viz. 1. The Iberus. 2. ne Rone. 3. The 
Tiber. 4. The Po. 5. The Danube. 6. The Nieſter. 7. The Boryſtenc 8. The Tan: +, 


9. The Nile. Thele g rivers, with the Rivulets, we may ſuppoſe, bring into that ſea 10 times 
as much as the river Thames. 


Of SyxIiNnGs, RivurzErs and Rivernst. 


APOURS raiſed from the ſea, and by the wind carried over the low lands, to the 
V ridges of mountains, and compelled to mount up with the ſtream of the air to the tops 
where the water preſently precipitates gleeting down by the chinks and clefts of the ſtones, and 
part of the water entering into the caverns of the hills, the water thereof gathers into baſons 
of the ſtones it finds, which being once filled, it begins to run over by the loweſt place, of 


each of theſe baſons, and breaks out by the ſide of the hills into ſprings ; many of thoſe 


make a rivulet, and ſeveral rivulets make a river, &c. And thus it happens, that the rivers do 
not ſend ſo much water into the Mediterranean as are exhaled from it. x 


N the latter end of the Firſt Vol. of the Miſcellania, is a diſcourſe concerning the action of 


the Sun and Moon on animal bodies, and the influence they may have in many diſcaſes, by 
R. Mead, M. D. and F. R. S. 1. That ſome diſeaſes are properly the effects of the influence 
of the heavenly bodies. 2. That the moſt windy ſeaſons of the year are about the vernal and 
autumnal equinoxes. 3. All the changes we have enumerated in the Atmoſphere do fall out 
at the ſame times when thoſe happen in the ocean; and as both the waters of the ſea and the 
air of our earth, are fluids, ſubject in a great meaſure, to the ſame laws of motion; ſo that 
natural effects of the fame kind are owing to the ſame cauſes. 

4. The alteration made by the Sun and Moon in the Atmoſphere, muſt thereby have influ- 
ence on the animal body. | | 

5. The elaſticity of the air is of great moment, and it is reciprocally as the preſſure, ſo that 
the incumbent weight being diminiſhed by the attraction, the air underneath will be much 
expanded : Theſe and ſuch like cauſes will make the Tides in the air to be much greater than 
thoſe of the ocean; and there is no doubt to be made, but that the ſame infinite wiſe Being, 
who contrived the flux and reflux of the ſeas, to ſecure that vaſt collection of waters from 
ſtagnation and corruption, has ordered this ebb and flood of the air of our Atmoſphere, with: 
the like good deſign, that is, topreſerve it ſweet,. and a briſk temper of this fluid ſo neceſſary 
to life; by a contihual circulation. 


6. Two contrary winds blowing towards the ſame place, may accumulate the Air there, fo 


as to.increaſe the height and the weight of the incumbent cylinder; in like manner, the direc- 
tion of two winds may be ſuch, as meeting at certain angles, may keep the gravity of the air 
in a middle ſtate; but if the winds blow different ways from the fame place, (which may be 
occaſioned by thunder and lightning) the height and weight of the air may be much decreaſed, 

7. I he changes in our Atmoſphere at H. Water, new and full Moon, the Equinoxes, &c. 
mult occaſion alterations in all animal bodies: For all living creatures require air of a deter- 
mined gravity to perform reſpiration eaſily ; for it is by its weight that tis fluid inſinuates 
itſelf into the cavity of the breaſt and lungs : By a flow circulation the ſecretion of the ſpirits 
is diminiſhed : And, by the want of force of elaſticity and gravity, the juices begin to ter- 
ment, change the union of the parts, break their canals, and diſeaſcs follow. 


* Wine meaſurc ; ; 

t Miſcellania Curioſa, p. 9. Troy 10 lb. 120 of. If 7 oz. require 1 foot ſquare, 120 Of. will require 17 
{3uare feet tor 1 g llou per day. | 

+ lhe ;.idges of. Hills {crve as Alembicks to diſtill freth water for the uſe of man and beaſt. 
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PO 1 | 
Of the BAROMETER, by Dr. HaLLey *. 


H E elaſtic property of the air has been proved by experiments, and the reſiſtance of 
its ſpring is found to be nearly equal to the weight or force that compreſſes it; as alſo 
that the ſpaces the ſame air occupies, under different preſſures, are reciprocally as thoſe pref. 
ſures : It has been ſhewn by experiment, that the ſpecific gravity of the air, near the earth's 
ſurface, to that of water, is as 1 to 840 nearly; the Mercury ſtanding at 293 inches: But as 
theſe experiments were made in Summer, when the air was heated, we may without ſenſible 
error take 30 inches for the height of the Mercury in a mean ſtate of the air , and the ſpecific 
gravity, as 1 to 800, By the like trials, the weight of Mercury to water, is AS 13+ to 1, or 
very near +; ſo that Mercury is to air, as 10800 to 1; and a cylinder of air 10800 inches, 
or oo feet, is equal to an inch of Mercury; and were the air of an equal denſity like water, 
the whole Atmoſphere would be only 55 miles high ; for the expanſion of the air increaſes 
in the ſame proportion as the incumbent weight of the Atmoſphere decreaſes ; that 1s, as the 
Mercury in the Barometer ſinks, So that the Atmoſphere. mult be extended to a much greater 
height. Now, upon theſe principles, to determine the height of the Mercury at any aſſigned 
height in the air, and the contrary ; having the height of the Mercury given, to find the 
height of the place; are problems not more difficult than curious, and which I thus reſolve, 
The expanſions of the air _ reciprocally as the heights of the Mercury, it is evident, 
that by the help of the hyperbolic curve and its aſſymptotes, the ſaid expanſions may be 
expounded to any given height of the Mercury d. | 
The hyperbohe areas deſign the tabular logarithms, being 0,0144765 ; whence it will be, 
as, 0144765 : goo feet : ; the difference between the log. of 30, or other number of the height 
of the Mercury at the bottom, and thoſe correſponding to the inches of the height of the Mer- 
cury at the top of the mountain: the height of the Barometer above the bottom or baſe of 
the mountain. Ex. Suppoſe the Mercury in the Barometer be 30 inches high, upon a level 
with the ſurface of the fea, and in the like ſtate of the air, on the top of a mountain it ſtand 
at 28 inches; what is the height above the ſurface of the ſea? 
Thus, Log. of 30=1,477121 
Log, of 28 1, 44718 
As o, 144765: 900 :: o, 29963: 1862 feet, the height of the mountain ||. 
Suppoſe the Barometer 30 at the Baſe, and 20 inches at the top of a mountain, what is the 
height? Log. of 30 — Log. of 20=,17609z f 
200 feet m. yards 
1447615848 1900010947 + =2 129. 
Upon theſe ſuppoſitions, it appears, that at the height of 41 miles, the air is ſo rarified, as 
to take up 3000 times the ſpace it occupies here; and at 33 Miles high it would be expanded 
above 30000 times; but it is probable that the utmoſt power of its ſpring cannot exert itſelf 
to ſo great an extenſion, and that no part of the Atmoſphere reaches above 45 miles from the 
ſurface of the Earth. 
This ſeems confimed from the obſervations of the Crepuſculum, which is obſerved to begin 
and end when the Sun is about 18 degrees below the Horizon; for ſuppoſing the Air to reflect 
light from its moſt rarified parts; and that as long as the Sun illuminates any of its . * 
they 


* Miſcellania Curioſa, p. 8 f. 
+ Mean ſtare of heat and cold. 
3 Air to Mercury, as 1 to 800 x 13z=10890, 
30 x 900 
$ 5 280 N | 
See Miſcel. page 82, and following. 
TU By Bouguer's Table, the fall 290 toiſes=18 54, feet. 


* 
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they are viſible to an eye, not intercepted by the curvity of the Earth, till the ratio of the 
height reflected from, be to the ſemidiameter of the Earth as 1 to go, or as the ſecant of about 
82. degrees to the radius. | 

See Waddington's Treatiſe of the Longitude, Plate I. Fig. 3. Where let E be the place of 
the eye of the Obſerver, f the place where the Sun ſets when twilight ends at E, and the arch 
of the angle ECA = ACF, the ſum = 182; alſo the exceſs of the ſecant of ECa, above the radius 
al, will be the height of the atmoſphere. But the ray of the Sun, at A, has ſuffered a double 
refraction, nearly; and in coming from thence to E, it will be more refracted about 33 minutes, 
in a mean ſtate of the Air; hence it is evident that the ray when it arrives at E, has been refracted 
near three times the quantity of the horizontal refraction, or 3 x 33 = 99/ = 19.39/ : And ſince 
by obſervation of the time, that the twilight can be ſeen after Sun-ſet, the depreſſion of the 
Sun below the true Horizon, by calculation, is about 18; and the refraction of the ray bein 
ſubtracted, leaves 1629.21”, its + is 89. 10:7, the ſecant of which above the radius is 6818200 
— 1,000) , 10266; and 10266 x 4000 the radius is = 41,06 miles, the height of the At- 
moſphere, from which we can ſee reflection. | 

Dr. Halley takes only 1“ for double the horizontal ref. from 182 and there remains 17e, 
its 2 is 8;, whofe ſecant is 1,011106. —1=,011106 x 4000 = 44,424 miles, the height 
of the Atmoſphere. The rad. of the Earth, ſuppoſed to be 4000 miles. A curious experi- 
ment was made by Mr. J. Coſwell of Oxford, upon the top of Snowden Hill in Carnarvanſhire, 
which ſeems to prove, that the firſt inches of Mercury have their portions of air near enough 
to what I now determine: For the height of the hill being 1240 yds. or very near it, he found 
the Merury to have ſubſided to 25,6 inches, or 4 inches below the mean altitude at the level 
with the Sea; the ſpace by the Doctor's calculation comes out 1288 yards: By Bouguer's 
table, we ſhall have 4 x 11,203 = 45,05 lines = 31. 91. gives 623 toiſes, x 6,392 = 3982 feet, = 
1327 yards Engliſh. Note, 11,263 lines=1 inch Eng. and 1 toiſe = 6,3925 feet Engliſh. 
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OW long it is ſince the Magnet * or Loadſtone has been taken notice of, and diſtin- 
H guiſhed from other mineral ſtones, is not known: It has been frequently mentioned 
ſince the time of Plato + ; and ſeveral attempts have been made to ſolve its appearances. 

The Knowledge of its properties were little known for a long time, more than its attractive 
quality, to other Magnets, and to iron: While its directive power, difpoſing its poles nearly 
n direction of the Meridian of moſt places were unknown: And that needles and long pieces 
of iron and ſteel touched by it, became Magnetical ; alſo when ſuſpended they would turn them- 
ſelves in direction North and South. This property was found out at the End of the 13th 
Century. It is ſaid, that Paulus Venetus made a Mariner's Compaſs about the year 1260, 
and applied it to the uſe of navigation ; but not as an invention of his own, having derived 
it from the Chineſe. But the learned Renaudat has given reaſons that the Chineſe took it from 
the Europeans. | 

Anno Dom. 1300, John Goia, a Neopolitan, is generally allowed to be the firſt who applied 
it to the guidance of a Ship in the Mediterranean. Dr. Wallis ſaid,” * Where inventions creep 
in by degrees, it muſt be thought ſtrange, that it was not noted who was the firſt inventor. 4 

* 44 the 

* Magnet, F. Magnes, and Magnetiſm. F. Magnet. 
Power of the Loadſtone, Power of Attraction. | 
+ Plato died in the firſt year of 108th Olympiad, and in the 81ſt year of his age. 
The Olympiads began 776 years before Chriſt. Each Olympiad contains 4 years, 

Years before Chriſt 776 

108 x 4=432 
Years before Chriſt 344 Plato died. 


1 Anno 1774. | | 
$ A Compaſs made in 1260,——FHence it is 514 years ſince the Compaſs has been in uſe, 


GS 


| (2K. 9 | 
<« the prefent caſe, he who firſt obſerved the Polarity of the Magnet, or its inclination and 
& meridian direction, made the firſt ſtep towards this invention.” 

Dr. Wallis“ claims the Invention to the Englith, from the Engliſh name, Compaſs and Box 
or Boxel; which are imitated by moſt other nations uſed to navigation. 

The Magnes or Magnet is found in divers parts of the earth, and commonly in iron 
mines. Pliny ſaid, It was called Magnes from the name of the perſon who firſt found it, and 
he was a herdſman in the Eaſt Indies +. 

The firft and beſt Loadſtones came from China and Bengall : And it is commonly a ſole 
ſtone lying by itſelf in the earth . There are fome found in Arabia, and in the Red Sea, and 
ſome are tound in Norway. 

The Chineſe, in the year 1597, ſteered by a needle 6 inches long, upon a Pin, in a diſh of 
white china, filled with water, in the bottom of the diſh they had two croſs lines, for the N. 
S. E. and W. winds, the reſt was left to the judgment of the artiſt 5. 

In the year 1 500, Sebaſtian Cabot, a Venetian, is generally allowed to be the firſt who diſco. 
vered the variation of the Needle, from pointing North and South; and that the variation was 
real |), 

1 Mr. Norman and Mr. Burrows were the exact obſervers of the variation ¶ and inclinz- 
tion; and that the variation was different in different countries and places 

Mr. Gillibrand firſt diſcovered the variation of the variation (%, about the year 1625, when 
by a needle executed in privy garden, Whitehall, he found the variation to be 

in June, 1665 = 19.22/.40” W. 
The Needle was 3 feet long. 1666 = 19.357.367 
The increaſe in a year, . 13.6“ 


About the year 1663, Mr. H. Bond embraced a Hypotheſis of moveable magnetic poles, 
and ſuppoſed them in or about our Atmoſphere, and from that motion which he ſuppoſed to be 
Weſtward, and to make a revolution in 600 years, he computed a table of the variation of the 
Needle for London, from the year 1663 to 1715, which was inſerted in the Philoſ. Tran 
actions, No. XL. and which agreed pretty well till the year 1700 (+) 

The times of ofcillation and vibration in Dipping and Horizontal Needles equally good, is 
as their lengths directly. I he extremes of the needles have equal velocities; thus a foot 
needle which vibrares in 5”, will make four vibrations in the time that a four foot needle vi- 
brate once, 

Robert Norman (who was a Compaſs-maker in Wapping) firit diſcovered the dip of the 
Needle, and obſerved it A. D. 1576, to be 719.50”, and the Variation 119. 15 E. which are 
the oldeſt and the beſt Obſervations extant in the world, and which are a ſtandard for all 
future ages and Obſervations, 

A. D. 1608, Mr. Hudſon, a Sailor of fame, and diſcoverer of unknown countries, from 
whom Hudſon's Bay takes its name, failed towards the N. Pole, beyond the N. Cape. He 
made Obſervations with the Dipping Needle from the Lat. 612.11” N. to 759.22”, and found 
the Dip 79 to 89; z off the North Cape and Nova Zembla, the Dip was 842. 

The Rev. Mr. Pound in company with Mr. Cunningham made a voyage to China, and 
made freq ent Obſervations by the Dipping Needle, but nothing material can be gathered 
from them. | 

» Dr, Wallis died 1703. | 

+ To make a needle ſwim in water. See Seller's Navigation, p. 275, 6. 

: See Seller's Navigation (2d Edition, 1672), p. 133, &c. 

& Chincſe method of uſing the Compaſs. N. for Nouth: S. Sotith : E. Eaſt: and W. Weſt, 


|| The Needles variation firſt diſcovered. 
J The Dip firſt diſcovered. 
(%) The Variation of its direction from that of the Meridian, Inclination or dip below the Horizon. 
(+) The variation of the variation diſcovered. 
() Seller, p. 277, ſays, that bars of Iron which have been long in poſition parallel to the Earth's axis, or 
perpendicular to the horizon, the upper end becomes the North Pole, and the lower cud the South Pole. 
ts) The vibration of Magnetic Needles, p. 38, Whiſton's Book of Magnetiſm, 
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Mr. Burrows's OBSERVATIONS of the VARIATION, made at Limchouſe 


the 16th of Oftober, 1580. 


Morning. | Evening. Variations. 
Sun's alt, mag. az. az. 
d. m. m. d. m. d. m. ſ. 
17.00 — 52.35 — | 39.00 11.17.30 Var, \ 
18, 50.08— | 27.45 11.11.30—— | Mean Variation, 
19. ——47-39— | 24.309—— | 11.30.09— | 
20. ——45.00— | 22.15 11.22.39—— [d. m. ſ. 
21. 42.15— | 19.30 I 1.22. 30—— | N. 11. 17. 30 E. 
22. 38.00 | 15.30—— | 11.15.00—— | : 
23. —5734-40 | 12.00-— | 1 1.20.00 
24. — 29.33 — | 7.00 I1.17.390— | 
25. 22.36— 0.08 11.1 4.00—— | 
Mir. Gunter's OBSERVATIONS at Limehouſe, June 13, 1622. 
1Sun's alt, mag. az. tr, az, Variations 
d. m. d. m. d. m. : d. m. | 
10,.10——71.02—' | 64.49—— | 6.13 E-— [ 42 years variation, decr. 5. = 300”, 
19.00——82.02— | 75.52 6.19 E.— which is 7” per year. 
The mean of 8 obſervations ——6.1 5 E. | 


Mr. Gillibrand's Obſerv. made at? The mean of 4 in the morning was 4. 5' E. 
Deptford, June 12, 1634. J The mean of 6 in the evening 4. 6 E. 

At Paul's Cray in Sony The mean of 13 Obſervations .o E. which gives 8/ + per 
July 4, 1634, year deereaſe ſince 1580, or 127 per year ſince 1622. 

John Seller's Obſ. made at the? Mean of 8 made in? 32 years gives 82, 
Hermitage in the year 1666. June 1666. - 5 N 36 DG — 

Mr. Millet at Batterſea, May 28, 1670, mean of 7 Obſ. 2.06 W. or 10' per year, 


A THEORY of the VARIATION of the MaGnETICAL ComPass. 
(By Dr. HaLLzy.) 


HE Variation of the Compaſs, or Magnetical Needle, from the true Meridian, is of 

that great concernment in the art of navigation, that the neglect thereof does little 

leſs than render uſeleſs one of the nobleſt inventions mankind ever yet attained to. And tor 

this cauſe all ſhips of conſequence, eſpecially thoſe bound beyond the Equator, take with them 

Azimuth Compaſſes on purpoſe to obſerve this Variation; ſo that, the courſe ſteered by 
the Compaſs, may be reduced to the true courſe with reſpect to the Meridian. 


A TABLE of VARIATIONS. Miſcellania, Vol. I. p. 29. 


Place. Tear. Varia. Place. Year. Varia. 
d. m. | ; d. m. 
London „ 1580—11.15 K Hudſon's Strait? 239.30 


1622— 6.00 || In Baffin's Bay, at Sir T. 

1634— 4-05 Smith's Sound 78 N. 

1672 — 2.30 W Off the Brazil, lat. 8 S. in 1670— 5.30 , 
Copenhagen «© = | 1649— 1.30 x || Off Cape Trio - 1670—12.10 
1672— 3.35 w Off the mouth of R. Plate do, —20.33 


1616—57.00 w 


- - 1679— 7.00 E. entrance of Magel. Straits 17.00 
relt - = - - - '» 1680— 1.45 i Weſtdo, - - < - 14.10 
me f z00 | Bhs. , - - $36 | 
Hudſon's By - - - a668—19.15 || St. Helena, 16 S. 2 » 167/— 0.40 
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Place. Year, Varia. 
d. m. 

At Be —_ of * — 1674—15.00W 
At Bombay, 19 NM. 1676—12.00 
C. Comorin, 8 N. - 1680— 8.48 
Ballaſore, 211 M. - 1680— 8.20 
W. Point of Java, 69. 400 S. 1676— 3. 10 
Iſle of St. Paul, 388. 1677-23. 30 


Van Dimen's Land, 42 8. 
New Zealand, 41 8. 
Ifle of Rotterdam, 20%. S. 


| 


1642— 0.00 


1642— 9. o0 E 


1642 — 6.20 


Coaſt of New Guinea, 4 S. 1643— 8.45 
W. Point of do. o. S. do. — 5.30 


28 


Place. 1 


Year, Var, f xer year] 
K m. 
Paris, in + = 


d. m. 


1666 — o. 34 
1683 — 3.50 132. 
1685— 4.10 | 10 


1700— 8.12 16 
1704— 9.20 | 16 
1720-—1 3.00 134 
1740-16. 10 94. 
1760—19.30 102 


1770-20. 20 11 

At the Prince of Wales's Fort, 
Churchill River, Hudſon's Bay, Lat. 
589. 36“ N. Var. in 1725—2 1 W 


1746—17 112 
1769—122 114 
Engliſh Channel, in 1766—22. 20 
1774-23-39 | 8; 
Between the Ifle of Sal and 5 


Place. Year, Var. per year. 
d. m. m. 


1662 — o. o , 
1700 — 9.40 | 14 


London, in 


1720—13.00 12 the Iſls of May, in 1770-12. 150 
1740-16. 10 10 Iſle of St. Jago. E 
1760—19.30 9 Lat. 122 S. Lon. 31 W. Var. o. oo 
1764—20.10 10 Straits of Magellan in 1766— 22.305 
1774—22.20 | 1T Coaſt of Chili in the S. Seas 1767—16. 30 
The mean Increaſe ſince 1662 


11+; || Off I. Juan Fernandes 11.00 


Capt. Cook's Voyage.] In croſſing the Pacific Ocean the Variation decreaſed till we got to 


Lat. 28* S. and Lon. 12 W. and then it was 19.50 E. it then increaſed as we increaſed in 
Lon. to the Eaſt Indies. | | 


Colonel Windham obſerved the Dip at London in 1721 to be 73.45“, therefore in 145 
years the Dip increaſed 19.55”; ſince which time to the year 1774, the Dip has increaſed 
very little, to wit 45 in 50 years, #5 

Remark, That the adjuſtment of a Dipping Needle is of a nice and intricate nature 
ſo that it is very difficult to make two that ſhall ſhew the ſame quantity of dip. 

In the year 1768 I had two Dipping Needles made; the length of one of them 4 inches, 
and the other 44%, the axis of each was an inch, which were made to traverſe in rubie cylin- 
drical holes, fixed in braſs bars and placed a-croſs the graduated circular arch; this arch 
was divided in degrees and half degrees; each Needle had a fine line cut in its-middle from 
one end to the other; by which the poſition of the needle could be reckoned to every 10 mi- 
nutes, when ir ſtood either horizontally or vertically. By theſe I made Obſervations of the 
Dip in different parts of this kingdom in the year 1769. The method of uſing them is: Firſt, 
to turn the frame of the Needle horizontally to the direction of its Meridian; then to turn it 
ſo that the Needle may traverſe vertically and in direction of the Magnetic Meridian; aud 
when the Needle ſtood, I counted the Dip, and the turned tlie feame*on its horizontal axis 
into an inverted poſition; and counted the Dip; I then turn the frame half-way round on 
its vertical Axis, and obſerved the Dip; alſo turned it upon its horizontal axis, and noted 
the Dip. The mean of theſe four were taken for the true Dip. 


1769, The Dip of the N. end of the Needle, 
At London 


7. 30“ ee, -  - = 96% 207 
Lincoln 73. 20 the City of Bath - 73. 30 
York :- 755. 40 r 
Richmond 75. 50 Glouceſter = 73. 30 


. 3 
The Dip of the S. Point of the Needle at St. Helena in 1761, was 7.45“, and Var. 1 15.45 5 


TR) 


Lat. Lon, | Var, | Straits la Maire Lat. 347. 40“ S. Dip 68.51 
OF C. la Guillis 35®S, [152 El20% o On board ſhip, at Anchor. * 6 
Off St, Helena 16 S. 6 W713. 50 the above Bay, Lon. 69% 3 
Java + 6.40 S. 105 E 1. 30 Lat. 18 1 8. 141 W. - 30.00 
35.00 S.] 30 E[20, oo 7 
In Table Bay 33.50 8.18 E19. 40 Each of the above is the mean of 10 or 
Off Pico & Fyal 28. 00 N. 16 W|16. oo 12, or more, with the face of the inſtru- 


ment turned alternately Eaſt and Welt, by 
Dr. Bradley's Obſervations made at the means of a ſwinging table; the Compals 
Royal Obſervatory at Greenwich. did pretty well at lea, to a degree or two: 
1749, Jan. jth - 17%.22/;w | 73%.30 the Dip may be depended upon. 
1750, June 24 


- 17.26 73.30 | May 3o, At George's Iſland, Dip | 295.26 
1752, Aug. 28 17.55 73.25 South point 
1756, Nov. 16 + 18.33 73.23 The face turned to oppoſite ſide - 29 · 40 
1757, Aug. 5 18.32 73 -20 | Mean 29.33 


A dipping needle, is a Magnetic needle Another 30“. 10 


with an axis through its middle. When in ——.— 

uſe it is made to vibrate upon its axis, ſup- LY ch c 3425 
ported horizontally, its vibrations are made . . n 
in a plane perpendicular to the horizon; and Lat. 34S. Lon. 208: W. dip 67.01 "Mu 
when this vertical is in direction of the Mag- 152 8. — 215 W. — 36. 0 1 
netic Meridian: That end of the Needle | At K. George's Ifland (or Otaheite) ſpring 
which reſts below the horizontal poſition is tides 13 inches, 170 

the Dip below the horizon. H. W. at 11 h. 15 an neap tides 7 

Lat. 32 S. Lon. 63*W. Dip 63.00” Send. full and change P 


Of the DivRnar VARIATIATION of the MAGNETICAL NEEDLE, as 


determined by Mr. J. CanTon, M. A. and F. R. 8. 
The mean diurnal Variation for each month as deduced from the Obſervations made in the 
| Year 1759. | 

Jan. 7. 8'| By Obſervation it is evident, that the Magnetic parts of the earth in the 
Feb. 8.58 | North, on the Eaſt fide, and the Magnetic Parts of the Earth on the Wet 
March 11.17 | fide, of the Magnetic Meridian, equally attract the North end of the 
April 12.26 | Needle. If the Eaſtern Magnetic parts are heated faſter by the Sun in the 
May 13.00 | morning, than the Weſtern, the Needle will move Weſtward, and the Weſt 
June 13.21 Variation will be increaſed by the moving of the Needle Weſtward. When 
July 13.14 | the attracting parts of the earth on each ſide the Magnetic Meridian have 
Aug. 12.19 | their heat increaſed equally, the Needle will be ſtationary ; and the abſolute 
Sept. 11.43] Variation will then be the moſt increaſed : When the Weſtern Magnetic 
Oct. 10.236 | parts are either heating faſter, or cooling flower than the Eaſtern parts, the 
Nov. 8 09] North end of the Needle will move Eaſtward, and the Weſt Variation will 
Dec. 6.58 | be decreaſed, till the parts be equally heated, and then it will become ſta- 
EY tionary, and the Weſtern Variation will then be the moſt decreaſed, but the 
Eaſtern Variation will be the moſt increaſed. 

Remark I. This may be illuſtrated by placing the Compaſs and two Magnets, one on each 
fide of the Compaſs, and parallel to the Magnetic Meridian, fo that the South ends of both 
the Magnets act equally on the North end of the Needle, and keep in the Magnetic Meri- 
qian; but if either of the Magnets be taken away, the other ſhall attract the Needle fo as to 
ſtand at 45e on each fide. If the Magnets be in caſes or the like, and boiling water be poured 
on one of them, as the Magnet heats the Needle will move from it; ſo it appears the Mag- 
netic power decreaſes by heat. 2. If a ſcreen be placed, and ſo moved that the ſun may 
ſhine only on one of the Magnets, the Needle will decline from the heated Magnet. So far 
by Mr. J. Canton. 

3. There is a certain degree of Heat or cold, wherein the Magnetic power is the greateſt, 
which I ſuppoſe to be a temperate ſtate, of which I propoſe to give ſome account hereafter. 
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Or GEOGRAPHY. 


EOGRAPHY is the ſcience of deſcribing the earth, that is, of deſcribing the magnitude, 
(3 figure and poſition of the ſeveral parts of its ſurface, 

The figure of the earth is found by obſervations, to be nearly ſpherical ; and by the mea. 
ſures that have been made by the French, at the artic polar circle; by the Spaniards and 
Portugueſe, at the Andies and parts adjacent; and by Mr. Norwood, from London to York 
(in the year 1635); and by Meſſrs. Maſon and Dixon, in the province of Maryland, in 
America, in- the year 1768, by order of the Royal Society, by which it appears that one 
degree of the meridian contains 69 Engliſh miles “, in the lat. from 43 to 44, which agrees 
with the Newtonian table. See Mott's Newton, B. iii. p. 247. 

But before we proceed any further, it will be neceſſary to lay down the principles of the art, 
by definitions. | 

1. In order to deſcribe the Poſitions of places, geographers have found it neceſſary to ima- 
gine certain circles, ſemictrcles and circular arches, drawn on the ſurface of the earth, to 
which they have given the names of equator, meridian, horizon, ſolſtitial and equinoctial 
colures, tropics, parallels of latitude, polar circles, parallel circles, azimuth or vertical circles, &c. 

2. The equator is a great circle of the earth, equally diſtant from its poles (def. 5.) ; and 
it is that circle in whoſe plane the earth performs its diurnal motion round its axis, or it is that 
circle, parallel to which, the whole heavens ſeem to turn round the earth from Eaſt to Weſt 
in 24 hours. ü 

3. The plane of the equator divides the globe of the earth, and alſo the whole heavens into 
two equal parts, which are called the Northern and Southern hemiſpheres. Under the equi- 
noctial, the days and nights are always of an equal length; but in places which have latitude 
they continually vary. 

4. The zenith of a place is the point in the heavens perpendicular to the horizon of that 
place, or right over our heads, The nadir is diametrically oppoſite to the zenith; and there- 
tore right under our feet. 

5. The axis of the equator is called the axis of the earth; and its continuation, the axis of 
the world ; about which the earth and all the ſtars in the heavens appear to revolve in 24 hours : 
The extremes of the earth's axis are called the poles of the earth; and that pole in the Nor- 
thern hemiſphere, is called the North pole; and that in the Southern, the South pole. 

6. The aſtronomers divide all circles into 360 equal parts, called degrees; each degree 
into 60 equal parts, called minutes; and each minute into 60 equal parts, called ſeconds and 
ſo on. 

N. B. 56992 toiſcs is = 6g Engliſh miles = 121440 yards. 

But, beſides this diviſion, the equinoctial (whoſe plane coincides with the plane of the 
equator continued to the heavens) is alſo divided into 24 equal parts, called hours; each hour 
into 60 equal parts, called minutes; and each minute into 60 equal parts, called ſeconds: 

So that 1 hour is=15® of the equinoctial; and each minute of time 1s=15' of motion of 
the equator, upon its axis. 

7. All circles, or more properly, all circular arches , conceived to paſs from pole to pole, 
interſecting the plane of the equator at right angles, are called hour circles, or meridians: 
And that which paſſes through the zenith of a place, is the meridian of that place. 

8. A meridian is a ſemicircle of the ſphere paſſing from pole to pole through the zenith, and 
interſects the equator at right angles, as repreſented on the ſurface of the terreſtrial globe. 


9. The 


(*) Remark, that a degree of the meridian (or 1 deg. of latitude) at the equator is the leaſt, and only 
contains - - 120684 yards. 


But 69 Engliſh miles, or 1760 x 6g=121440 divided by 60 is 2024 yards in 1 minute of latitude. 


diff, 756 yards; therefore 1 deg. at the equator is little more 
than 682 miles Engliſh : But in lat. 44 deg, it contains 69 miles. 


(f) Arc, or arch; arcs, or arches. 
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9. The horizon is of three kinds: 1, The ſenſible, or viſible: 2, The rational: 3, The 
true horizon. : ; 


The viſible horizon divides the upper or viſible hemiſphere from the lower or inviſible one; 


therefore the viſible or apparent horizon is that a 
or ſea, where the land and ſky appear to meet. 


The ſemidiameter of this circle or curve line varies at ſea according to the height of the 
obſerver's eye. 


The rational horizon is that great circle which may be ſuppoſed to paſs through the centre 
of the earth, parallel to the true tangental horizon. 

The true horizon of any place is a plane, the poſitions of its ſeveral parts being a tangent 
to rac tn; of the earth's ſurface at that place, which is 90? from the zenith in every poſition 
and place. 

10. Latitude is the diſtance of a place from the equator, in degrees, minutes, &c. and it 
is meaſured in the meridian of a place, by a quadrant, or the like inſtrument. 

11. Longitude of a place is the inclination of the meridian of that place with the meridian 
of any other place : And the difference of longitude of two places is the diftance of the 
meridians of thoſe places reckoned at the equator, which is equal to the angle made by them 
at the pole: Or the longitude of a place is the diſtance between. the firſt meridian and the 
meridian of that place at the equator. 

12, Parallels of latitude are imaginary circles (that may be conceived on the ſurface of the 
earth) parallel to the equator. Every place has its parallel of latitude : A place in any degree 
of North latitude has its parallel in the ſame degree of South latitude : 

And two places having the fame latitude North or South, are ſaid to be in the. ſame parallel 
of latitude; but one in the North, and the other in the South latitude, are in oppoſite paral- 
lels of latitude, | 


13. Difference of latitude is an arc (or arch) of a meridian, contained between the parallels 

of latitude of the places. : 8 | 
14. Difference of longitude is an arc of the equator, contained between the meridian, where 

longitude begins, and the meridian of any other place. [Def. 11. 

Remark, 1't. Latitude begins at the equator : But the longitude of places, by different coun- 
tries, is generally reckoned from the meridians of their capital cities. As the French reckon 
longitude from the meridian of Paris : The Engliſh, trom the meridian of London, or 
Greenwich : Alſo longitude is reckoned both Eaſt and Welt from the firſt meridian, to its 
oppolite meridian, 1809, or 12 hours, difference of time. | 

Remark, 2d. When the latitude of two places are both North, or both South; or their lon- 
gitudes both Eaſt, or both Weſt, they are ſaid to be of the ſame name: But when one latitude 
is North and the other South, or one longitude Eaſt and the other Weſt, they are {aid to be 
of contrary names. , 

Remark, 3d. The eye of a ſpectator is always ſuppoſed to be in the centre of the horizon. 
15. The elevated pole of a place, is the pole of the ſame name, as the latitude of the 

place; and it is the pole which is above the horizon of the place, and therefore clevated; 


* 


the other pole being the ſame quantity depreſſed below the oppoſite point of the horizon, 1s 
called the depreſſed pole. 


The DIVISION of the EARTH into ZONES. 


16. A ZONE is a broad ſpace of the Earth, contained between two parallels of latitude, 
There are 5 zones; one torrid, two frigid, and two temperate : theſe names ariſe 

from the quality of heat and cold that their fituations are liable to. ; 

1ſt. The torrid zone is that part of the ſurface of the earth, to which the ſun is perpendicular, 
or paſſes their zenith ſome time of the year : This zone contains the ſame number of degrees 
as the ſun makes in declination North and South, to wit. 235. 28“ on cach ſide the equator, 

The Northern limit is called the tropic of Cancer. | 

The Southern limit is called the tropic of Capricorn. 


ch 2d. he frigid zones are thole about the poles, and are bounded by circles 230, 28“ from 
© poles. 
g zd. The 


pparent line which limits our view at land 
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( 24 ) 
zd. The temperate zones are the ſpaces contained between the torrid and frigid zones, 
- 17. A climate is that part on the ſurface of the earth contained between two parallels of 
latitude, where the difference between the longeſt and the ſhorteſt day is half an hour, reckoned 
from the equator to the polar circles: From the polar circles to the poles, the climates are 
meaſured by the increaſe of a month, 


Of the NATURAL DIVISIONS of the EARTH. 


B Y the natural diviſions is meant the parts on its ſurface formed by nature, ſuch as Conti. 
| nents, iſlands, mountains, oceans, ſeas, rivers, &c. f : 
The ſurface of the earth is naturally divided into land and water, 


LAND is divided into 


1ſt, Continents, or large tracts of land. 

2d, Iſlands, or ſmall tracts of land, ſurrounded by water. 

za, Peninſulas are joined to other lands by a neck of land. 

4th, Iſthmus, the neck that joins the main land to the peninſula, 

£th, Promontaries are mountains which ſtretch into the ſea. 

- Gth, Mountains are parts of land more elevated than the adjacent lands, 


WATER is divided into 


1ſt, Oceans, or large collections of Water. 

2d, Seas, or branches of oceans. 

3d, Gulfs, or parts of ſeas contained by two ſhores. 

4th, Straits, or narrow paſſages where waters flow. 

gth, Lakes are large collections of water in an inland country. 

6th, Rivers are ſtreams of water flowing from mountains and high lands, 


NAMES of OCEANS. 


1, The Atlantic: 2, The Pacific: 3, The Indian: 4, The Southern: And 5, The 
Northern; which reaches to the Northward of Europe and of America towards the North 


pole. | 
Of the Portiticar DIVISION of the EARTH. 


B Y the political diviſion, is meant the different countries, empires, kingdoms, - ſtates, and 
other denominations eſtabliſhed by men; either from the ambition of princes, or for 
the ſake of good government. 
here are three ſpecies or kinds of Government, monarchy, ariſtocracy and democracy. 
The word monarchy is compounded of two Greck words, viz. monos ſingle or alone, and 
archia empire, or the chief power in any country. 
The word ariſtocracy is derived from two Greek words, viz. ariſtos the beſt, and cratia 
power, nobility : Thus Venice is a proper ariſtocracy, where the whole power is lodged in 
the nobles. 6d 
Democracy is compounded of two Greck words, viz. demos the people and cratia power, &c. 
All republics ouglit to conſiſt of an equal mixture of ariſtocracy and democracy; but for 
want of a third power to keep the balance even, the two branches were almoſt always at va- 
riance; which contributed chiefly to the total ruin of all the antient republics, 
There is a fourth ſpecies of government, mentioned by the ancient political writers, termed 
an ochlocracy, or mob-government, where the refuſe of the people, or the mob uſurped the 
chief power in the ſtate : This ſpecies of government was the worſt of all, as it generally 
ended in anarchy *, which always introduced tyranny ;z and this was the fate of moſt of the 
ancient republics, 
There are three kinds of monarchical governments. 
1. The deſpotic; where the prince alone is free, and the people from the higheſt to the loweſt 
are ablojute ſlaves. Of this kind are all the Eaſtern and all the Mahometan Ones 
2. Monar- 


* The word anarchy is compounded of two Greck words, the prepoſition a, or an, not, or without, and 
archia ; ,t or government, 


oo 
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2. Monarchical; in which the people are governed by written laws, though the princes 
are abſolute. Of this kind are France, Spain, Portugal, Denmark, Pruſſia, and at preſent, 
Sweden, alſo the hereditary dominions of the empreſs queen “, and of all the petty ſovereigus of 
Germany, the kingdom of Sardinia, of the two Sicilies, and of all the petty ſovercigns of Italy. 

3. Mixed Governments ; conſiſting of an equal mixture of monarchy, ariſtocracy and 
democracy. Of this laſt kind are Great Britain and Poland; though, ſtrictly ſpeaking, 
Great Britain is the only perfect Goverment of this kind in the known world. For, as the 
common people in Poland, who are reckoned to amount to eight or nine millions, have no 
more ſhare in the government than their cattle, the Poliſh government may rather be termed 
an anarchy, as they are always in a ſtate of civil diſcord and contuſion. 

The principal republics ſubſiſting at preſent, are Holland, the Swiſs Cantons, Veaice, 
Genoa, Hamburgh, Dantzick and Lubeck ; the little ſtate of Geneva, and the petty repub- 
lics of Lucca and San Marino, are till reckoned in the number of the republics, 


H E ſurface of the earth is divided into four parts, called quarters ; which are Europe, 
Aſia, Africa and America. 


The Eaſtern continent comprehends the three firſt, and the Weltern continent only America, 

The ſovereignties of Europe are; 

The three empires, of Germany, Ruſſia, Turky. 

The two kingdoms of Great Britain and Ireland, the kingdoms of France, Spain, Portugal, 
Sweden, Denmark, Poland, Hungary, Bohemia, Pruſſia, Sardinia, Naples and Sicily, which 
are termed the Two Sicilies. The Popedom of Rome. 

The republics of Venice, United Netherlands, Switzerland, the Greſons, Genoa and 
Lucca; and the ſmall republics of Geneva and Raguſa. The Electorates of Germany, whoſe 
princes chuſe the emperor; of Mentz, Triers and Cologna, which are alſo Archbiſhopricks : 
The others are Bavaria, Saxony, Brandenburg, Palatine, Brunſwick, Lunenburg, and the 
kingdom of Bohemia. And there are, beſides theſe, about 300 ſubaltern ſoyereignties in 
Germany and Italy. 

The Cham of European Tartary, and the Haſphoders of Walachia, Moldavia, &c. 

The continent of Europe was anciently divided into eight parts. 

1, Scandinavia, including Sweden, Denmark and Norway; their capital cities are Stock- 

holm, Copenhagen, and Bergen. 


2. Muſcovia, or Ruſha, - chief city, Moſcow, River, Wolga. 


3. France - - - Paris. Loire and Rhone, 
4. Germany - © - Vienna, Danube, 

$5. Poland — - - Cracow. Viſtula. 

6. Spain - . e + Madrid. Tagus. 

7. Italy - — — Rome. Po and Tyber. 

8. Turky in Europe - - Conſtantinople. Danube. 


EUROPEAN ISLANDS 

England, chief city, London. River Thames. Scotland, chief city, Edinburg. R. Forth. 
Ireland, chief city, Dublin. R. Shannon. Beſides theſe, a great number of ſmall iſlands, 
as may be ſeen in the Map of Europe. 

Europe is bounded on the North, by the Frozen Ocean ; on the Sovth, by the Mediterra- 
nean Sea, which parts it from Africa; on the Eaſt, by the Archipelago, the Black Sea, and 
the Palus Mzotis, and thence by a line from the river Tanois, or Don, almoſt to the river 
Oby in Muſcovy ; on the Weſt, it is bounded by the Atlantic Ocean. Europe is ſituated 
between the latitudes of 3 1° N. and 80; and between the longitudes of 11% W. and 60* E. 
that is, on the Eaſt, where it joins Aſia. At Sol-Skamſkoi, in 59® N. and 38% E. and from 
thence to the North, bounded by a chain of high mountains to Weigate's Straits in 59* N. 
and 57% E. and includes Weigate Iſle and Nova Zembla. European Iflands, Cherry I. Spitz- 
bergen, Iceland, Shetland, Scilly I. &c. alſo the Azores which belong to Portugal. 

Aſia is bounded on the North, by the Frozen Ocean; on the Eaſt, by the Pacific Ocean 
(Which in the latitude of 669 N. lon. 1 55 W. it is only 3 of lon. or 140 miles a- croſs from 
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America to Aſia, as diſcovered by the Ruſſians in the year 1728 and 1730, by Capt. Bering; 
See the Chart of Kamſchatka). On the South, by the Indian Ocean; and on the Weſt, by 
the Red Sea, the Mediterranean Sea, Archipelago,” the Black Sea, &c. as in the Eaſtern limit 
of Europe. 

In 8 are three grand diviſions: 1. The Empire of China, Chineſian Tartary and 
the Oriental Iſles. 2. India, Uſbec Tartary, Calmuc Tartary and Siberia. 3. Perſia, Ara, 
bia, Aſtracan and Circaſhan Tartary, and Turkey in Aſia on the Welt. | , 

The principal SEAS, GULFS and BAYS in ASIA, are; 

The Caſpian Sea, which 1s encompaſſed by Siberia, 

Korean Sea, between Korea and Japan. 

Yellow Sea, between China and Japan iſles, 

Gulph af Cochin-China, on the borders of Tonquin and Cochin-China, 

Bay of Siam, between Molacca and the kingdom of Siam. 

Bay of Bengall, between the coaſt of Siam and Coromandel. 

Gulph of Perſia, between Arabia and Perſia. 

Africa is bounded on the North, by the Mediterranean Sea; on the Eaſt, by the Red Sea; 
on the South and the Weſt, by the Atlantic Ocean. | 

The Diviſions of Africa are; 1. Egypt. 2. Abyſſinia, containing the Upper Ethiopia and 
Nubia. 3. The Coaſt of Anion“ and Zangubar. 4. Monoemugi, Monomotapa, and Cof- 
fraria, or Lower Ethiopia. 5. Congo, Angola and Guinea, 6. Negritia, or Negroland. 
7. Zoara, or the Deſart. 8. Biledulgerid. 9. The Empire of Morocco. 10. The Coaſt of 
Barbary, comprehending the countries of Algiers, Tunis, Tripoli and Borea. 

The principal GULFS, SEAS, BAYS, &c. are; 

Moſambique ſea, between Africa and Madagaſcar. Suldanna Bay, by the Ethiopic Ocean. 

Bight of Benin on the Coaſt of Guinea. Their principal iflands are; 1. Madeira, 2. Canary 
Iſles. 3. Cape de Verd Ifles. 4. Ethiopean Iflands. 5. Komora Ifles. 6. Sokotora Iſles. 
7. Almirantei Iſles, in the Indian Ocean. The iſland of Madagaſcar is one of the largeſt, 
and ſituated between the Indian Sea and Ocean. | 

The Ifles of Bourbon and Mauritius, Eaſt of Madagaſcar, belong to the French, 

fy The I. of Madeira, and Cape de Verd Iſles, to the Portugueſe 

| | The Canary Iſles to Spain ; St. Helena to England. 
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The Names of the CounTrits, Chief Ciriks, or Towns, and Rivers in NORTH .- 
AMERICA, are as in the table following. 


| Countries. chief city or town| Rivers, The Apalachian Mountains 
| Canada - - Quebec St. Lawrence | extend over Georgia, Carolina, 
i T "PRs | 1 x 
| 2 , port Rupert Rupert Mm Maryland and Pen 

n | * | 2 . : : 
5 New Wales i Port Nelfon+ jNelfon, Hayes| + Mexico, the capital of the 
F þ Nova Scotia, or New Scotland|Hallifax 8. John kingdom, the refidence of the vice- 
1 New Jerſey — New York Albany Jet of _ Spain: who 8 0 
N b | Penſylvania — — Philadelphia. Delawar (See — — — 
1 Maryland 80 Annapolis Powtomack This city is one of the richeſt 
Irginia - - = |[James-Town [Powtomack | and moſt ſplendid in the world; tho 
Carolina - - Cäharles-Town Aſhley it has ne navigable river, yet it has 
Georgia - - [Savannah Alatamaha a very great commerce: Its ports 
Florida F , - |St. Auguſtin St. John are La Vera Cruz, on the Coaſt 
Louiſiana f - [Port Louis IMiiffiſſipi of the bay of Campeche; 75 
New Albion and California St. Juan Ri. of the Weſl 2 7 oppoſite coaſt o 
N 2 1 Santa Fee New River Their gold and filver are coined at 
, 5 | the city of Mexico, and the kings 

Old Mexico, now called b ö i 
5 þ Mexico Panuco 5th is depolited there. 
New Spain - | (See Martin's Geography.) 


Note, Old and New Mexico and California belong to Spain; the reſt to Britain. 


In 
Or Ajan, is peopled by the wild Arabs. 


; + Or York Fort, on Haycs's River: No factory on Nelſon River, Prince of Wale:'s Fort at the mouth os 
Churchill River, Sce Robſon's account of Hudlon's Bay, p. 25. 


„ | . 
mn SOUTHERN AMERICA; 


> Countries. ö Chief City or Town. | Rivers. = 
Terra Firma, or New Granada Carthagena agdalen, Zule & Oro 2 
Amazones and Guayana Surinam Amazones and Eſquebe 

Brazil . - St. Auguſtin and St. SalvadorſSt, Franciſco and Rio Real 3 
Peru - - Lima Coquimayo = 
Paraguay - - [Aſſumption Paragua _ 
Chili - - St. Jago Valpariſa 2 
Patagonia — - | Deſaguadero 3 
La Plata - Buenos Ayres La Plata, compos'd of Paragua & St. Fee. 


The Spaniards poſſeſs Terra Firma, Peru, Chili, La Plata, and the Iſlands of Cuba, part 
of Hiſpaniola, rForto Rico, Trinidada, Margaretta, with ſeveral other ſmall iſſands. The 
Portugeſe ſe:tlements are the Brazil and the Amazones. The French ſettlements in South 
America, are part of Hiſpaniola, Deſiada, St. Bartholomew, Marigalante, Santa Lucia and 
Caen. In North America, Martinico, Guadaloupe, New Orleans, and the iſland of Louiſi- 
ana, at the mouth of the river Miſſiſſipi, provided that the navigation of that river be equall 
free to the ſubjects of Great Britain as to thoſe of France. The Dutch poſſeſs the Iſle of 
Curaſou and Euſtatia, and ſome part of Guayana. The Danes, the iſle of Santa Cruz, which 
is a large ſea- port in the Iſle of Cuba. 


AMERICAN ISLANDS in the ATLANTIC OCEAN, 
Newfoundland, Cape Breton, Sable I. Bermudas, or Summer Iflands, 
Cuba, chief town, Havanna. 
Bahama Iſles ; Great Antilles, Hiſpaniola, San Domingo; 
Jamaica, Kingſton, 
Caribbee Iſles, called the Windward Iſlands. | | 
Leſſer Antilles, or Leeward Iflands, near the coaſt of Terra Firma. ? 
Terra del Fuego, South of Patagonia; its Southermoſt point makes Cape Horn, 
Gallipago Iſles, off Peru, in the Pacific Ocean. 
Solomon's Iſlands in South lat. in the Pacific Ocean; with a great many others. 


America, the greateſt part of the four quarters, was firſt diſcovered by Chriſtopher Columbus 


in 1491, who had the commiſſion of Admiral to their Catholic Majeſties, and was made 
viceroy of all the iſlands and continents he ſhould diſcover and acquire. 

In his firſt voyage he diſcovered the Bahamas iſles, Cuba and Hiſpaniola. In his ſecond 
voyage in 1494, he diſcovered Dominique, Marigalante and Guadaloupe. In his third 
voyage in 1498, he diſcovered the vaſt inland continent of America, or Canada. In his fourth 
voyage in 1502, he diſcovered the ifle. of Jamaica, the Bay of Honduras, and many adjacent 
countries, | 
- Sometime after Veſpacius Americus had a commiſſion from the king of Portugal, and 
made two voyages to the New World, as it was then called : He claimed the diſcovery of 
that part which lies under the line, and he gave it the name of America. 

America is bounded on the Eaſt, by the Atlantic Ocean; on the Weſt and South, by the 
Pacific Ocean ; and on the North, by the Frozen Ocean. 

This large continent is divided into North and South America by the gulph of Mexico, 
and the Darien. joins them by its Iſthmus “. 

North America lies between the latitude of 7 and 80 N. and between the longitude 50? 
and 139? W. from the meridian of London. 

South America lies between 12 N.“ and 58 S. latitude, and between 36* and 8 5? W, 
longitude. 


* See the Map of America, and view the Iſthmus of Darien, 
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The. latitude of one place and the difference of latitude between it and any other place 
being given, to find the latitude of that other place. g 
Caſe 1it, When the given latitude and difference of latitude have different names, ſubtract 

the leſſer (number of degrees and minntes) from the greater, the remainder will be the 

latitude of the fame name with the greater, | a 
Caſe 2d, When the given latitude and the difference of latitude have the ſame name, add the 

difference of latitude to the given latitude, and the ſum will be the other latitude. 8 


„ 


To find the difference of latitude and longitude of any two places. 
Caſe 1, When the latitudes and longitudes are of the ſame name. 

Rule, From the greater latitude take the leſſer, and from the greater longitude take the 
leſſer longitude, = you will have the differences required. | 
Cafe 2, when the latitudes and longitudes are of different names. 

Rule, The ſum of the latitudes, and the ſum of the longitudes are the differences required: 
That is, the ſum of the latitudes is the difference of latitude ; and the ſum of the longitudes 
is the difference of longitude. 

Example 1. What is the difference of latitude and the difference of longitude between 


London and the Burlings. | 
London lat. 31. 30 —lon. o. oo Lat. from 54. 15 S. —lon. 5. 2000 
Burlings - = 39.35 — 9.240 Lat. in- 30. 20 8. — 37 .11W 
Difference of lat. 11 .55 of lon. 9 24 Diff. of lat. 23.55 of lon. 31.51 
Ex. 2. TheLizard lat. 499.57 N lon, 5. 150 Ex. 4 A ſhip from the lat. 35. 40 N. 
Ferro Iſland 27.54 N 17.45 W and lon. 15 W. ſailed to the lat. of 15 
Difference of lat. 22 03 of lon, 12 30 10“ S. and lon. 375. 20 E. What difference 


Ex. 3. A ſhip failed from the lat. of 54“. 


of lat. and lon. has the 725 made. 
15S. to the lat. 309. 20“ S. and from the 3 k 


Lat. from 35. 40 N. —lon. 15% oo 


lon. of 5. 20 W. to 37, 11 W. What Lat. in - 1510S. — 47205 
difference of lat. and lon. has the ſhip made: Diff. of lat. 50. 50 of lon, 52.20 


PR OB L EM HI. 


The latitude and longitude of a place being given, and its difference of latitude and of lone 
gitude from any other place, to find the latitude and longitude of that other place. 
Caſe 1it, When the latitude and difference of latitude have the ſame name; and the longitude 
and difference of longitude the ſame name. 
Rule, To the given latitude and longitude add the difference of latitude and of longitude, 
the ſum will be the latitude and longitude required. 
Ex. iſt, A ſhip from the latitude 50? S. longitude 6* W. failed till ſhe had differed her lati- 
tude 52.40' S. and her longitude 7%. 15 W. What latitude and longitude is ſhe in? 


Lat. from os. oo“ S. lon, 6. oo W. 
Diff. of lat. made 5.40 8.— 7.15 W. 
Lat. iin - 55.40 8. on. in 135.15 W | 


Caſe 2d, When the difference of latitude and of longitude have contrary names to that o 
the given place. | 
Rule. From the greater latitude take the leſſer latitude, and from the greater longitude take 
the leſſer longitude, and you will have the latitude and the longitude required. > 
Ex. 1. lhip from the lat. 365. 30 N. and 52.40' E. failed till ſhe had differed her lati- 
tude 35.37“ S. and longitude 15% 10” W. What latitude and longitude is the ſhip in ? 
Lat. failed from 36%. 30 N.—lon. 5*%.40' E Ex. 2. lat. from 5. 40“ N.—lon. 12.20'E 
Diff. of lat. made 3.37 S. of lon. 15. 10 W Diff. of lat, 20.10 S. — 4.40 W 


Lat. of the ſnip 32 .53 N.—lon, 9.30W | Lat. in- 14.30 8. —lon. 3 e 
n . UTH 


- "> 


* a * 


N . 


SoyTH CoasT of England, bounding the Britiſh Channel, and the o 


oſite 
Coaſt of France. . Longitude from London, and the Time N High 
Water and, in the Offing of ſome Places, the Time that the Current runs. 
© Engliſh Coaſt, JH. W. 15 Lon. French Coatt, H. W. Lat. Lon. 
h. m. m. h. m.] d. m. d. m. 
North Foreland [10.30 51, 2 $N11.34 E | Dunkirk > = [12.00[51.02v[2.27 E 
Ramſgate + »- 110.30[51.20 11.30 || Graveline = - [L1.45|g1.00-[2.12: | 
Deal! 110. 30051. 14 [1.30 Calais -* 111.3050. 57 [1.56 
The Downs - 10.3003 1.25 [1.40 Boulogne = [10.30[50.43 [1.42 | 
South Foreland 110. 3005 1.12 [1.32 Abbeville = [10.30[50.07 [1.56 | 
Dover 110. 3081.07 [1.22 Dieppe — - 110.30[49.57 [1.09 
Dengeneſs +» +» | 9.45]51.00 [1.06 Havre de Grace | 9.,00[49.30 fo.17w 
Rye - + [11.15]51.03 [0.50 Rouen up R. Syne + I.15]149.27 [1.10 
Haſtens - - |[11.00[50.52 [0.50 Syne R. Mouth + | 9.00[49.36 o. 30 
Beachyhead + » 11.00 50.48 [0.24 [ Caen 1 9.00[49.11 o. 16 
Brighthelmſtone 1. oo 50. 50 [0.00 C. Barfleur -- 7. 30ʃ49.38 [1.16 
Arundel — 9.00050. 50 o. 24 [ Cherburg « 9. 0049.38 1.34 | 
Chicheſter - 111. 0049.52 [0.43 [C. de la Hague + [12.00[49.42 1.45 | 
Shoreham == 9.4850. 51 o.08 || Coutances - 6. 0049.02 [1.27 
Portſmouth - <« |11.15[59.48:[1.00 Granville - | 6.00{48.50 1.36 
Southampton 12. 00050. 55 [1.22 || Auranches - = | 6. 0048.41 [1.24 | 
Spithead Road 1. 1550.48 [1.06 ||. Sr, Malo — -< | 6.00[48.39 [1.57 
Cows, I. of Wight -- [11.30/50.48 [1.16 || Seven Iflands. - +» [48.53 3.30 | 
St, Helen's Road 10. 30050. 43 o. 55 [ Iſle de Bas 3.45048. 50 [4.00 
Bembridgeledge, I. Wi. 10. 20050. 40 [0.52 | Coaſtof a ofBiſea —— 
Dunnoſe - - | 9-45]59-35 [1.07 Breſt 3.45148.23 l. 26 0 
St. Catherine's Point. | 9.00[50.34 [1.14 | Port Louis ] 3.00147.48 13.20 | 
Needles 10 h. 15 m. 8.15/150.42 [1.34 | —Remark. That the Tides meet in the Chan. 
Chriſt Church 8.1550. 46 [1.44 || nel between Dengeneſs and Haſtings, and the 
Pool, Dorſetſhire 6.4580. 46 [1.54 | oppoſite Coaſt of France, near Staples : 
Peveral Point $.4050.30 1.42 | And the Current in mid Channel runs N. E. 
St. Alban's- head 8.3050. 28 |1.50. about 1 h. 30 m. after High Water. And it 
Weymouth = - 7-39[50.38 2.17 | runs off Dengeneſs, 4h. to 42. In the Downs 
Bill of Portland - 6.3050. 31 [2.16 4 h. Eaſt of the King's Channel, 3 h. after h. w. 
Exmouth Bar 5-4550-32 [3-10 Since it makes H. Water on the Full and 
Exeter * -- | 005040 3-14 eie Days; 
Torbay - = | 5-15/50-34"[3-18 [ Off che Lizard, at 4h. zom. 
ay wk . $9007 [3-20 And off Dover, at 10 30 
«art Foimt - =» 4550.09 3-2 ce it makes 6? SET 
— 8. 7 of . 3-33 | —_— eaſt 4 6 — 14 per hour. 
mont ; 3-52 || And by making this allowance proportionally 
Eddiftone Tide runs {4-020 we ſhall have ; | Cate NEAT 
Ram Head = = 3.56 High Water b. m. h. m. J 3 | 
c Falmouth = = 5.00 || At the Lizard, at 4 3903 00] © 
Lizard Point 5.15 Off the Eddiſtone, 5 30j3 00 2 = 
Mount's Bay - +» 5.38 Off the Start, 6 O0 302 5 
Lend's End = 5.52 Off Portland 71513 O15 - ; 
Scilly on — a 6.42 Off the I. of Wight, 8 153 15 2 8 
St. Maries 3.4549 55 6.49 || Off Arundell and J 22 
Alderney and Caſkkers 13. 00,49. 48 [2.10 Shoreham, i £5 22 
Guecrnſey I. and Sark I. 1. 30 49.30 fz. 4) Of Beachy. 9 4511 1528 
; Jertey I. þ- „ „ 49: 07 [2.26 Off Dengeneſs 10 3014 09) - 
, 3 


Remark, H. W. for High Water, Lat. Latitude, Lon. Longitude, h. m. hours, minutes, d. m. degrees, minutes. 
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30 
Er Coat of England, and at Places up R Rivers which run into the German Ocean, 


NAMES. by ty Lat, Lon. Iſles of Orkney. . W. Lat. | Lon. 

was | d. m. d. m. — h. m. d. m. d. m. 
R. Thames, London os 51.30nÞo.coE || Pickland Skeries - | 3.00158. 54n| 3.00W 
Gravelend| 1. 3005 12 8 fo. 20 | Pomona the chief Iſle 3.00[59.24 | 3.20 
R. Medway, Rocheſ- North Ronalſa, the 


ter and Chatham 


o. 4505 1.25 o. 36 Northermoſt of hen | 3. 00059. 462.43 
Sheerneſs - 112.005 1.31 [0.50 || — Shetland Iſles. — 

The Nore - 12.00 51.34 1. 06 Fair Iſle. 3. 00059. 30 2. 200 
Margate - 11.0005 1.25 1. 20 Foule Iſie ] 3.coſ60.12 | 2.40 
King's Channel - | 10. 3005 1.38 [1.16 || Sella Ile - = | 3.00[60.35 | 2.24 

along the Swinruns 3|12.00 | Balta Ile <- = | 3.00[60.31 | 1.04 
Kentiſh Knock, the | Sears Iſle - 3.00[60.15 | 1.00 

Eaitermoſt Sand in [| | W. coaſt of a | 

the King's Channel [30 517.37 ff. 40 [ Farro-head, or C.Wrath| o. 3058.40 | 4.50 

Nor. of the Downs J | Ile of Levis 58.30 | 6.30 

the Current runs till 1.00} | | I. of Sky, Northend. | 57.45 | 6.35 
Harwich 10 h. 30 m. I. 1506 1. 58 . 20 [ Douglaſs I. of Man. 10. 30054. 10 4.24 
Ipſwich 11 - [11.00]52.08 1. 10 Welt coaſt of England. . 


Sole Bay = - | 9.30{52.24 1. 50 


White Haven - < [10.45154.35 | 3.15W 
Leſtoff 10 ][ 9.00[52.36 [1.52 : 


St. Bee's-head - 10. 4554.30 | 3.25 


Lynn, in Norfolk St. David's-head 


1 Tower Lights 52.48 Lancaſter + I1c0j523.42 | 4.06 
at . Lights} 8.0, n 
«i Orforeneſs - = | 9:451|52.10 [1.20 A nee 
wh is Yarmouth - = | 9-30[52.45 [1.50 || Parkgate 11.000(53.17 | 3.15 
15 Do. Road - 8.15 Liverpool, R. Merſey 11. 0053.22 | 2.30 
ibs Cromer (Lights) - | 7-30153.03 [1.14 || Holyhead -- 11.30053.23 | 4.40 
45 e - | 6:45]53.04 [1.00 Barſcy or Bardſly I. 3.3005 2.44 


6.0005 2. 50 3 6.0005 1.55] 5.02 


| 
| 

52. 50 144 Cheſter or W. Cheer 
Boſton - 
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| 6.0053. 10 [0.12 St. Bride's Bay 5.005 1.56 | 4.50 
8 Mo. of R. Humber 61 Greſholm Iſle = 5.306 1.50 | 5.12 
| the Spurn = 5-15193-39 fo. 1 | Milford Haven $.15|51.45 | 4.45 
j R. Humber, Hull - | 6, ools3. 45 . 120 Sw/anſea 6. og 1.40 | 3.50 
t Bridlington Baß || 3.4 5654. 06 | Mouth of the Severn, 6 
| 1 earns. Head 3.00;54.10 [0.56E Flatholme's Iſle el. 3-10 
lt i Scarborough - |. 3.45154.13 fo. 12 Briſtol - - = | 6.45|51.26 | 2.45 
17 Robin-hood Bay — 3.45054. 22 [0.17 || Lundy Iſland + | 5.15|51.20 | 4.25 
I * Whitby - - | 3-00[54.30 o. 22 | Hartland Point + | 4.30j51.08 | 4.30 
„ R. Lee's Mouth +» 3.0054. 40 [. o C. Cornwall 5 h. 30 m. 7. 00H50. 10 | 5.50 
j þ Stockton - | 5.15154.37 [1.10 || Land's End 5 30 7. 3000.06] 5.52 
Hartlepool - = | 3.00{54-45 [1.00 | —Coaſt of Ireland. — 
14 Sunderland - = | 3.0064. 56 [l. 10 | Dublin 110. 3033.12 | 6.55 
1 38 North Shields - = | 3.00j55.02 [1.12 | Wexford = - | 9.45|51.13 J 7.16 
1 Newceaſtle 5.1555. 02 1.26 | Waterford - » | 7.3062.07 | 7.52 
1 Tinmouth Caſtle 3. o0 055. 04 1. 12 || Cork, the Cove . 1 506 1.40 | 7.30 
i Sunderland Point 3.008532 [1.24 Kinſale © | 6.00[51.32 | 9.20 
Holy Iſland - += | 2.45155.40 [1.34 Cape Clear + - | 5.45151.18 | 9.50 
Berwick = - | 2.30[55.46 [1.42 Limerick - ] 6.00[52.22 | 9.45 
St. Abb's Head + 2. 005 5. 54 [1.50 [ Galway - » + | 6.30[53.10 [10.03 
Dunbar - - 2.0056. 00 [2.18 Sline Head - = 53-20 [11.15 
Edinburg - = | 4.30[55.58 [3.00 | Londonderry = 7.3005 5. 01 | 7.31 
Buckaneſs - += | 3.00157.30 [1.35 || Fair Foreland - = | [55.10 | 6.25 
Cathneſs Point, or 8.46 | Belfaſt, Lough = | 4.15154. 43 | 5:52 
Dinners Head 3 | 9-9915846 13.17 ] Lambay Iſland. | 8,19123.24 | 7.3 


The variation is about two points W. all along the South and Eaſt Coaſt of England, 1774; and 24 deg· 
W. in lat, 60 deg. N. mer. of London, 


— 


"RE 


Coaſt of Greenland, 
Nova Zembla and Ifles. 
Shetland South Point 

North do. 
Hangcliff - += 
Entr. of Braſy Sound 
Coaſt of Iceland. 
Sound Royal - + 
Bargazar Point 
Whale's-back - < 
Merchant's Foreland 
Halliford - - 
Fair Foreland 
Grim's Iland - -« 
Weſtmonia Ifles, = 
Iſles of Ferre, or Farro 
Beerenburg, or ] my 

Main's Iſle. 

Coaſt of Greenland. 
Point Look-out, + 
Horn-ſound <- = 
Bell-found -< > 
Charles Iſle, Black Point 
C. Cold, N end Charles. 
Iſle Amſterdam - 
Fair Foreland - - 
Hacluit's Headland 
Cloven Cliff 
Muſſin Ile +» = 
Black Point 
Table I. one of the 7 
Smeerenburg = - 
Dunkins Iſle in Vogel 

8 g 
Hope Iſlandd 
Cherry, or Bear Ile 
Admiralty Ile - 
Nova Zembla « 
Weigate Straits 


Surroy— = = 
Tromſound 


Læfort S. W. Point 
Dronthem - of 


Statland nl Ns 
North Bergen 
Naze of — - | 


Cape Candinoſe 
Cat Noſe - * 
Archangeln - 
Croſs Iſſand - 
Sweetnole = - 
Kilduyn - — 
North Cape 


ö 


ö 


| 


— — 


Var. 
Weſt 


18.36 


17.40 
18.24 


9:42 
9-33 
18.53 
18-47 
20.38 


18-1318 


I 2.00 


Lon. 
d. m 


15.33 x 


| 


| 0.38 


u . 


1. 30 
o. ow 


14. 300 
16.32 
20.32 
17. o 5 
34-40 
26. 30 
22.32 
22.22 
5.00 


4.30 


———— 


13-34 
12.45 
11.15 
11.02 
12.45 
10. 50 
10.46 
9.56 
11.20 
18.38 
20.34 
11.48 
9.59 
12. 30 
23.40 
18.00 


[54-40 


70.00 
60.00 


42.30 


35.00 
38.06 
36.30 
34-40 
31.20 
2.3.00 
16.40 
1 5.26 
9.28 
10.12 
4.40 
5.40 


12.40 


* 


Coaſt ig the Sound Var. Lat.] Lon. 
and Baltic. Weſt d. m. d. m. 
Mardou 1 58.20 8.58 E 
Chriſtiania 59-23 | 9-50 
Gottenburg = = 57.50 [12.10 
Elſinore - - [10.00156.23 [12.40 
Copenhagen 55.40 12. 30 
D 56.40 16. 30 
Stockholm - 59.20 8. 10 
Wybourg 4 60.50 29.12 
Peterſburg - — 0.90 59.50 30.22 
Narva 3 59.26 [28.20 
1, EE.” 59.24 [24.50 
A 57.00 [25.10 
Derwinda 8 57.12 [22.00 | 
Koningſberg -. « 54.40 [21.30 
Dantzick «< « 54.22 [18.36 
Wiſby in Gothland 57-30 [18.25 
Bornholm - 55.12 [14.40 
Strael Sund 54-24 [13.10 
Lubeck - = -« 54-04 | 9.50 
1 56.50 ff. oo 

"RS 57.04 [to. 27 
Coaſt of Holland ang ö 

Flanders. 

Scaw -  - IH. W. 57.30 [10.20E 
Helighland = = 54-25 | 3.33 
Hamburgh - 6. 15/53.40 flo. 30 
Embden - » [12.15153.03 | 7.30 | 
The Fly » - | 6.0c|53.12 | 5.30 
The Texel! ] 6.3c[53.12 |.5.10 
Amſterdam © = | 3.00[52.22 | 5.15 
Rotterdam = | 3.45[51.50 | 4.34 
Antwerp NS 51.13 | 4.28 
The Brill - I 1.30[52.00 | 4.00 
Oſtend - - — [12.00|51.14 | 3.00 
Royal Obſervatories, and places where 1 ran- 
ſit of Venus was obſerved. Lat. Lon. 

The * d. m. ſ. d. m. 
Greenwich Ob, - 51.28.39 N 0.05E 
Admiralty - = « [51.31.00N| 0.02w 
Paris '- < [48.50.14N| 2.25E 
Gottingen - =» [51.32.00 | 9.59E 
Leydon - = J52. 8.40N| 4.31E 
Vienna, Imperial - +< [48.12.32N 1 
Alexandria, Egypt - 31. 11. 20 N] 30. 22k 
Bologna, Italy - - - 44.29.36 N11. 20 
Drontheim, Norway - [63.26.10N 11.05E| 
Upſal, Sweden [59.51.50N[17.30E 
Fornea, Finland - 65. 50. 30 24.16E| 
Tobolſk, Siberia - 58. 12. 12 N68. 18 
Madrid, Spain 40. 23. 0 N 3. 16 
Rodrigues 18 40.408 [63.14E 


Longitude from the Meridian of St. Paul's, Loudon, 
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Coaſt of France. [H.W, | Lat. | Lon. | Coaſt of Spain within I. W.] Lat. | Lon, | 
— — Ih. mad. m. nm. the Straits. h. m. d. m. d. m. 
Ifle of Uſhant 6.0048. 53N 455 | 
mo 7 cok; 3.1 5048.23] 4.26 Athens 38.0 S2 3. 52 l 

enmark Point | 3.0004). 50 | 4-20 [ Cape Martelo, S. part 
Bell Iſle = - | 3.30[47.21 | 3.13 of Naoront - g e 
Angers bs * 47.28 | 0.34 Salonica - | 40.41 [23.13 
Rochell, - | 3-45146.10 | 1.11 Cape Monte Sancto 40.26 [25.00 | 
„ Gallipoly - - 40.32 [27.20 | 
Bordeaux - Conſtantinople - 41.00 [29.00 | 
Bayone - + - Smyrna - 38.28 [27.25 
— — | Epheſus = = | 38.00 28 00 

Coaſt of — Antiochetta - = 36.30 [32.45 
Cape Ortegal 8 Scanderoon, or — 126 36.30 
Cape Pinas - - andrietta + = 8 35 [36.20 
C. Corunna, or Groin 8 Antiochia 36.10 [36.30 
C. Prior - 0 Aleppo 35.45 [36.25 
C. Finiſtere 8 Tortola -. - + 35.46 136.00 | 
Ville del Conde Tripol?2?s = |} 34.48 [36.06 
Oporto, or Porta Port P Joppa, or Joffa - | [32-45 [36.00 | 
Bayonna — Jeruſalem -<- = 31. 50 [35.25 | 
- Burlings - «© P Alexandria = += 31.11 [30.21 | 
— --. -P Cape Ruſato +» += 32.48 [21.25 
C. Roxent - P Cape Miſurato. = 32.20 [16.20 
C. St. Vincent P Tripoli - - 32.54 [13.10 | 
Cadiz „ 8 (35.54 [10.40 | 
Cape Trefalgar = Cape Bona 37.04 [11.00 
Gibraltwa - E Bona 37.00 | 8.20 | 
— Within the Straits, Algiers - — 36.50 | 2.18% 
Malaga 8. 8 Cape de Tres Foreas 35.30 | 2.43 
Cape de Gat - =» Ceuta | 35.49 | 4:40 
Cape Paul : Tangier — - | 35.50 | 5.45 
A f — ü — 
Cape Martin 8 8. Illands within che Straits : 
Barcelona = 8 1. Formentaria I. 38.33 | 1.15* 
Marſeilles - = . IVES - -- =: 38.53 | 1-15 | 
Toulon - - Majoran 39.45 | 2.25 | 
Genes 44. Mi nora 39-45 | 4.20 | 
Leghorn - . ; Fort St. Philips » 39. 68 | 3-533] 
Civitta Vecchia þ Gallita Iſland - 37.42 | 9.00 
Rome - -._ = : S. End of Sardinia - 38.54 | 9-15 | 
Naples ; .20 || N. End of Corſica 42.52.| 9:40 | 
Cape Spartevento - - 37.54 116.50 || Gorgona Iſland - | 43-22] 9-10 | 
Cape Colonne 39.00 [18.60 || Capt - - +» 42.50 [14-30 
Gallipoli — 40.20 [18.20 [ Lilboa = -< -« 42.45 [11.00 
Cape St, Mary 8 39.48 [19.00 - Meſſina 2 38. 20 16.20 | 
Ancona = - 43.40 [14.20 [ Maritimo I. Sicily 38. 04 [12-30 
TERS is. 45.25 [12.09 || Cape Paſſero = « 36.36 [15-20 þ 
Point Palerma — 38.10 [13.45 Malta — — 35.54 114-35 | 
La Valona - =» 40.54. [21.20 || Cortu Iſland - - 39.50 [19-50 
Lepanto =. 38.10 [23.00 [ Zephalonia «= = 38.10 20. 10 
Cape Matapan — 36.30 [22.40 Zent + - 4 37-44 20.15 
Cape St. Angelo » | 39 30 24. c Morea » -. | 136. 50 W. 1 

elle 


Note. $ after the name of a place, denotes it to be under the Spaniſh Govern, P Portugal, E Engliſh, D Dutch, 


(8: 


Weſtern Iſlands, or Azores. | Lat. | Lon. 
OP d. m. d. m. 
Cor ro P 39.48 NI3 r. 20 
Flores 5 - - P 39.24 30. 20 
Fial — = - * P 3 8.40 27.00 
Tercern | -  _ P- 139.00 : [84.80 
St. Georges P [38.45 25. 56 
Pico, or Pic of Azores P [38.36 26. 20 
St. Michael's - P [38.12 [22.50 
St. Marie's - P 137.00 [22.56 
Canary Iſlands. 
Porto Santo - P [33.06N[16.05w 
2. Madeira P Eaſt end - [32.50 16.26 
Doo. Weſtend - [32.30 [17.28 
3. Palma - 828.40 17.35 
4. Teneriff, the Pie P [28.25 16.25 
5. Gemara - 827.57 [17.07 
6. Ferro, or Iſle of Fer S [275.42 [18.10 
7, Canatia.- = ..- «187; 15. 38 
8. I. Fortune Ventura - 25 795 
Seven others N. E. of this. 
Cape de Verd Iſlands. 
1. St. Anthony - - P [r7 ooN[24.25V 
2, St. Vincent P [16.55 [24.10 
3. St.. = 683 R400 
4. St. Nicholas - P [16.40 23.22 
5. I. of Sell! P [26.57 [21.52 
6, Bonaviſta - - P [16.05 [21.45 
7. Ile of May - P [15.14 [22.05 
8, Iſle of St. Jaga P [15.00 [22.45 
9. Iſle of St. Philip - P [14.50 [23.22 
10. Iſle of St. Jean - P [14.45 [24.10 
Coaſt of Barbary and Guinea. | 
Cape Spartel - 35.45 NI 5.48W 
Salle '<- * = © [3460 | 0.20 
Cape Cantin =. [32.48 | 8.50 
Cape de Gar J30. 40 o. og 
Cape de Nun - - = J28.15 11.06 
Cape Bajadore - - 26.28 [14.22 
Cape Olerado - - = [23.28 [15.50 
Cape das Barbas - — 22.06 [16.43 
Cape Blanco - * 20. 46 1 6.52 
Cape Mirick - - 19.12 [15.30 
Mouth of Senegal River - 15.36 16.20 
Senegal - - - [10.36 112.49 
Cape de Verde - - E 114.42 17.06 
Mouth of River Gambia - 13. 20 [15.00 
Cape Rouge - - [12.12 |16.18 
Mouth of River Sierralion | 8.30 [12.12 
Cape Monſerado - ] 6.28 | 9.30 
Cape Palmas = 4.25 | 6.00 


Coaſt of Barbary and Guinea. ] Lat Lon. 
d. m. d. m. 
Cape Formoſa - - [4.28 N 6. oo 
Cape Three points - — | 4-45 | 3-10 
River Voltas - <- [5.50 | 1.10E 
River Formoſa - <- << | 6.10 | 4.50 
New Callabar r = | 5.00 | 7.00 
Old Callabar - - [4.30 [8.10 
River Cammaroons - < | 3.39 | 9.10 
River Angra = | 1.00 | 9.35 
Cape Lopez - - = | 0.485] 8.30 
River congo - 5.45 11.50 
Angola - <- 18.15 [15.00 
Cape Negro - — |16.30 [11.30 
Cape St. Thomas = [24.54 [15-25 
The Cape Town - [33.56 |18.28 | 
Cape of Good Hope 34.30 18.43 
Cape Falſe, or Hanglip - [34.34 119-15 
Southern Iſlands, in the 
Atlantic. 

St. Mathews - 1.238 6.10w| 
Aſcenſion — CCC 
St. Hellena - 116.04 | 5:54 
Fernandepo = | 3-02N| 3-32 EK 
Princes - - - 148 1-040 1 
vo, Thomas: = = | 00017200 
Cape podron - - + | 6.00S|11.40 
Annabona =<- — | 2.26 | 5:40 
St. Philips - 112.22 13.20 
Triſtian de Cunha - +< [37.105 j13.20W 
Iſle de Picos - +» = |24.00 16.20 

I. Martinvas - —- = [21.00 18.40 

I. St. Maria - = = [20.00 18.40 
I. Trinidad J20.30 [25.30 

I. Aſcention = {20.40 28. 30 
I, Fanando Noranha - - 3.508 30.35 

I. Rocas - -=- 1 5-00 135.40 

I. Sebaldes - - — 150.53 159-35 | 


A Tak of the Lat. Lon. and Vari. where there 


Lat. [Lon. ] Vari. 

o O- 39. 30˙5 

5 NI 5 13. oo 

5 30 | 1.30W 

e 

5 440 215 

5 145 | 4-09 
10 NV | 4.00 
15 660 | 5.00 
20 [70 | 5.00 
25 [66 | 2.15 
30 |84 | 0.00 _ 


has been no change or mu- 
tation of the Variation for 


many years, 


And by 


obſervations of 


ſeveral commanders of ſhips 
who have ſailed in Hudſon's 


Bay about the lat 


. bodeg. N. 


and lon. 65 deg. W. their 
compaſſes have whirled a- 


bout in a ſtrange 


manner, b 


which it may be ſuppoſed, 
that they were affected by the 
magnetic matter in that part 


of the Bay. 
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| 
| 
"0 C003 1 | 
va NORTH AMERICA. | Lat. | Lon. Cons of Carolina, Virginia, Maryland, Pen- 
l 3 d. m. d. m. filvania, New-England and Newfoundland. 
bi Sir Thomas Smith's Sound [78.20 N63. 300 — e 
» Digg's or Dudley's Cape - [76.50 |59.co || d. m. d. m. 
9 Hackluit Hand — - 177-25 159.30 Cape Roy - - - <= E |47.49N 57. 0 
14 Alderman Jones's Sound - [75.30 [89.00 Placentia - E [47.38 [52.00 
_ James Lancaſter's Sound 74.10 foo. oo Cape St. Mary - E 446.54 2.20 
1 Baffin's- bay J ames's-Iſſe - 71.40 57. 30 Cape Race = E [46.30 [51.00 
Baffin's-Straits, Cumberland I.[68.00 [62.30 Pay of Bulls - E 
- Louiſbourg - < = E 45.54 159-50 
Hudſon's-bay Iflands. St. John's Harbour E 48.00 0.15 
I. of Good Fortune 65. O0 N67. 30 St. John's Fort 3E H7.22 32.43 
King Charles's Cape - 6 5.00 [77.30 Conception Bay - E. 48.24 [50.20 * 
At the Mouth of Hudſon's Trinity Bay Entrance E [48.54 [52.30 
Straits. Cape Bonaviſta - FE 49.34 [50.20 
I. of Reſolution <- 61.40 N64. zou Cape St. John .-.. > ;F.160.24 154-45 
Chidley J. 60.40 (63.30 || Bell Iſland - -  F [61.50 183-20 


In the Straits, I. Saliſbury 63.30 [75.00 || Bay of Breſt <- - 
I. Nottingham [63.30 [77.00 Cape Blanco - 
I. Szuthampton|63.30 [82. 30 Quebec 4 - 
I. Manſels 02.00 [79.00 || Cape Britain — - 


52.10 [52.40 
47.20 Fo. oo 
46.55 109-48 
46.30 58. oo 


E te 


Repulſe Bay - - 07.56 184.40 Straits of Monſac, Nova Scotia[4 5.39 ©1.20 
Cape Dobbs — — * 65.35 $4.45 Iſle Sable - — E. 44.16 59.00 
Bowden's Inlet $4.30 [94.00 Cape Sable N - E 43.24 65.25 
Marble Ifland <- < <= 03.00 [91.45 Boſton N - E 42.25 770.32 
Prince of Wales's F ort, Cape Cod > - FE [42.14 |69.00 
Churchill River - 38.48 [94-12 New York - - E [40.43 174-04 
York Fort, Nelſon River * 57.36 193.10 Long Iſland E [41.00 [73.00 
Cape Tatnam — - [58.00 [91.00 Cape May - - E 39.15 7445 
Cape Henrietta - = 65.22 [843.00 Cape Charles E [37-12 [76.00 
. me Cape Henry - E [37.00 76.23 
Coaſt of Labrador. Cape Hatteras - E 35. 10 76. oo 


Cape Britton, Weſt end of 


| : Philadelphia Town « 40.10 7504 
the I. of Button - J. 20 N62. 30 Cape "3s 2 ur 1 N 35 
Cardinal's Ifles - - — 38.50 61.40 Cape Fear — .- 33-49 78. oo 
St. Peter's Haven 36.36 59.50 Charles Town on Aſhley Riv. 33.21 79.48 
Gantin Bay * - - 157.10 61.30 Port Royal South Carolina [32.20 [80.25 
— | — Bay of St. Auguſtine - [29-52 80.34 
Coaſt of Hudſon's Bay and Cape Caniveral Reefs < [28.16 80.45 
Straits. Key Largo ==... 12500 1-43 
Cape 1 E. 59.40 N 44. 30 Cape Florida 1 1 „ 2307 8 1.25 
J Anne's Forcland — E [64.06 74.40 Dry Tortugas, Southermolt 24.30 ſg. 10 
Shark Point 7 - E [6410 [82.1 5 ¶Northermoſt | 24-38 5 
Cape Southampton E 61. 55 186.20 Key Market, W. Key, S. end 24.36 [$4.24 
Cape Churchill - E 9.00 Jeg. 30 [ Ent. of Spir. Sancto harbour 3 
The Cubbs 5 E 54.16 32.35 in E. Florida (var. 52.45'E | 27-40 17349 
Albany River E 52.36 85. 20 Cape Blaze - — - [29.41 6.25 
Charlton „„ 52.03 [80.05 St. Joſeph's Point 29.5 85.28 
Rupert's River - - 1 151.40 |78.50 Entrance of St. Andrew's bay[30.08 1806.45 
Cape Jones -.. <0 I458.10 79.90 The Clifts 2 miles W. of it 
Mansfield's Iſſe FE 46 1.45 180.30 Cape St. George — 397 189,97 
Cape Walſingham — E 62.40 78.09 Penſacola Town — as 30.29 88.22 | 
Cape Charles - E 62.20 [74.45 |} Penſacola Bar -< [30.19 287 
* Nelſon R. runs from Wini 


| bin pigon lake (Lat. 49 deg. N. Lon. 102 W.) from which lake there is a large river 
which runs to the Pacific Occun, and Joins it in Lat. 44+ deg, N. Lon. 130 deg. W. ; ATR 

+ Ihcre is a large ſquare grove, at the Foot of which is a low red bank, 4 leagucs W. of St, Andrew $ Day 
aud 12 leagues Eall off Roſe Iſland. 


Coaſt of Carolina, &c. 


| Lat. | Lon. 
Ly d. m. d. m. 
Roſe Iſland, Weſt end - 30. 20 N 88.05 
Entrance of Mobile River [30.10 | 87.37 
Dauphin Ifland < — [29.41 | 87.54 
Ship Iſland Bay = - 30.30 | 88.20 
New Orleans 1429.58 -| 89.55 
Entrance of the Miqimpi 29.10 | 89.32 
Candl:mas Ifles or Chandineers| 
the N. part of the N.ermoſt 99.94. '| $9.09 
omg J 169-19  04-t5 
Bay of St. Bernard - - [28.15 | 95.45 
Port Blanche inthe I. of Labosſz 1.48 | 97.16 
Mexico City - <- = [}20.00 103.35 
La Vera Cruz - - + [19.05 | 99.30 
Campeche Bay. 
Point St. Martin 118.30 N 96.00W 
Tabaſco Iſle, N. Point - 18.00 | 92.36 
Bay of Port Sumacenta - 17.50 | 91.45 
River Lagarto's Mouth [21.15 | 88.15 
Muſketo thore from C. Ca- 5 
toche to Cape 3 done 13 28 1255 
in the Gulphof Honduras 5˙5 9:3 
Cape Baſer, Aſcenſion ny 17.39 | 88.230 
Cape Honduras 16.06 | 85.34 
Coaſt of 6 — 
Cape Comaron - - 116,04N| 84. o 
Santa Morſac - 10.57 | 82.12 
C. Graciosa Deos var. 1 19. 1671 5.04 | 82.00 
Porto Bello“ (var. 9945's) | 9.33 | 78.52 
Bahama IIlands. 
North part of Bahama Bank Ej27.45N| 79.404 
Bahama Iſland E 26.42 | 99.10 
Abacco, South Point - [26.15 | 78.50 
Harbour Iſland - E 25.20 77.37 
Andraſs, North Point - E [25.00 | 79:40 
Providence = - E ]2450 | 78.08 
Illathera, South Point E [24.55 | 70.45 
Cat Iſland, South Point I [24.00 | 76.00 
wm Rey - E [23:00 | 74-20 
Exuma - E. 123-25. 76.84 
Crooked Ifland, N. Point E 22.46 73. 50 
Atkin's Key - E 22.06 | 73.45 
Meraparvouz River - E [22.00 | 74.10 
Atwood's Key  - E 21.22 72:40 
French Key — FE 2.30 7340 
Hogſties , 10 7343; 
Heneago - E [21.07 | 73.00 
Caico's Bank, North Point 2180 71.50 
Turk's Idand I” 21.45 70.30 
Abrolho, North Point 21.34 | 69.40 
Plate Wrack River - 20.04 | 03.40 


3 


W. trom London. 


Caribbee Iſlands, | Lat. | Lon, | 
d. m. d. m. 
Anguilla - E 18.1 56. oO 
St. Martin's — - 18.05 62. 30 
St. Bartholemew's - E 17.52 [62.35 
Barbuda - - E 18.05 [61.35 
St. Chriſtopher's - - E [17.15 [62.50 
Nevis - - E 16.55 [62.40 
Antigua - - FE |16.56 [61.50 | 
Monſerat - - FE 116.36 [62.12 
Guardalupe - P 16.20 [61.25 
Marigatlalte - P [16.00 [61.00 
Dominico - =< E [15.15 [61.10 
Martinico - F 114-44 j60.57 
St. Lucia F 113.45 [61.10 
St. Vincent - E 13. 10 [51.00 
Barbadoes, Bridge Town E 13. o5 [59.45 
Willoughby Fort - — 
Granada - - E |r1.52 [61.40 
Trindado - 8 10.38 [60.30 
Virgin Gorda Fort — 18.18 [643.50 
Virgin's J. 118.28 [64.40 
St. Crunn PF [17.55 65. oo 
Bieque N - 118.00 [65.30 
—Porto Rico.— _ CES 
St. Johns 8 [18.30 67. 10 


The Latitudes and Longitudes of Places in 


the WEST INDIES, 


as determined by 


Capt. Barnaby, Commander of the Zephyr 
Sloop of War. 5 in the Years 1771, 1772 
and 1773, by CELESTIAL OBSERVATIONS. 


Bridge Town, Barbadoes 
North part of do. 
Tobago, N. E. part 
Curaſſo, E. end — 
Sugarloat Hill in the Iſle ot 
Auruba (var. 8%.05'E) 


ermuda S. point (va. 4. 3000 


San Domingo - 5 
Altavella - - 

Cape Francis, Hiſpaniola 
Sam Bay, > ERP 
Port au Prince (var. 8?.00 E 


Port Piment, Hliſpaniola 


ro do. 
Ifle of Aſh, S. W. part 
Port Louis, Hliſpaniola - 
N. E. end of Jamaica - 
Eaſtermoſt part of do. 
Port Royal, do. (var. 6*30'E 
Morant Keys, do- 


Lat. 


n. 


he Iſthmus of Darien which joins Nor. and Sou. America, is 70 miles wide from Panama to Por to Bo 1to, 
N. B. The I. of Ferro is the Weitcrmoit of the Canary Iiles, and it is 20 deg. 


Ton, -:| 
9 
59.50" 
CO. oo 
50.13 
61.30 


70.00 


54.45 
69.29 
71.08 


75. 27 
S. E. 


W. from Paris, or 17 d. 30 m 
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Obſer. by Capt. Barnaby, &c.| Lat. | Lon. 
d. m. |d. m. 
S. E. part of Port Morant [17.54N|76.02W 
Formagos + 19.24 76.30 
Cape Mays, E. end of Cuba 20.15 74.50 
Cape Antony, W. end of do. |21.50 [85.00 
Cape Catoche Jucaton, New, 
Wein „ f 21.34 87. oo 
Havanna in the I of C uba 8 
(var. 4%.00E) - - | 23.12 [81.41 
St. Jago f ] J7BS1-: 
I. of Pines, S. W. point - [21.32 (82.45 
Pine's Bay (var. 6. 24 E) 21.44 83.30 
Lowland in the I. 1 LIONS 
which is due S. from the 
middlemoſt of the three (29 83.30 
high Hummocks - | 
Middle high Hummock - 21.46 [33.30 
Point Irois + - 118.28 74.17 
Iſle of Navaſa - — 118.26 74.36 
Cape Donna Maria - — 118.45 74.14 
Cape Tiberoon - - 118.22 [74.07 
Point Dabacou 2 -- $19.87... 420 
Mole Head - 19.47 [73-11 
Cape Nicholas - - 19.43 73. 10 
I. Gonave, S. Point of W. partſ 18.51 [72453 
I. of Tatuga, N. E. part [20.10 [71.59 
or Tartudas W. part - 20. 12 [72.23 
I. Mayaguana, E. end. 22.29 [72.30 
Watling I. North part — [24.10 7. oo 
Key Sal 123.45 80.43 
80 0 H AME RIC X. 
A Lat. Lon. 
d. m. d. m. 
Carthagena (var. 8 E) II. 26N 75. 25 
Cape Aguia - —<- = 111.32 74.10 
St. Martha - - — 111.22 [74.00 
Cape de la Velle - — 12.18 [71.45 
I. Arcuba - = 112.45 [09.52 
I. Curacoa - 112.12 69.06 
I. ehe 12.15 (64.15 
Coaſt of Comana C. 3 points! 1.15 (62.44 
Dragon . — 1.10 62.4 
Gulph of Paria, Trinity J. 
| of Trinidads - 4 10.30 61.30 
Mouth of River Oronoco 8.30 160.30 
Coaſt of Guiana, 
Surinam — - - | 6.00N[55.50\\ 
Cayenne = - - 1 4.56 152.10 
Cape Orange [ 4.10 51.05 
North Cape 1 1.40 159.10 
Mouth of the River Amazons 0.40 8148. 10 


Y 
/ 
Coaſt of Wild Brazil. | Lat. | Lon, | 
d. m. d. m. 
I. St. Juan - 1.20845. o 
Mouth of the River Oman | 5.00 [34.55 
Coaſt of Brazil, Paragua and 
Patagonia. 
I. Ferdinando Loronho - 3.48 830. go 
Cape Roque - - = | 5.00 [135.45 
Cape St. Auguſtine - - | 8.50 [35.10 
River St. Franciſco - = 10.55 36.40 
Bay of Todos Sanctoas— 13.05 39. 00 
Port Segura - = 117.00 40. oo 
Spirito Sancta - - [20.20 [40.00 
Rio Janero . ©.” "122,54 444:40 
Cape Frio— =. 123.00 149.20 
St. Catherine's - = - [27.46 [48.00 
River Grand - =- = [22.00 [50.40 
River Plate - [36.00 57.40 
C. Blanco near Ri. Camaroons|47,o0 [64.90 
Port Delire, to make it with 
Steeple Rock on the s. | 47.30 [04.40 
ſide of it 
Pepys Iſle could not be 
found by Commodore en. 
River Juliaa - 148.45 6 5.00 
Cape Virgin Mary - - [52.21 [71.44 
Straits of Magellan, Entrance 52.50 72.35 
Staten Iſland - - =- [54.30 [69.00 
Straits le Maire is between | 
Staten I. and Terradel Fuego. 
Falkand Iſland - = [51.30 |60.00 
Terra del Fuego, or the 
Land of Fire, (8. Point 3.5.50 [73.40 
oF | OT 
Barnaveld's Iſlands <- -=« 56.50 [73.00 
Cape Noir was made by C. 
Anſon, when he TI 54.30 78.40 
ed to be 29 W. from it J 2 


The Weſtern Coaſt of Patagonia and Chili, 
which bounds the Eaſtern Part of the Paci- 


fic Ocean. 


C. Diſeada and the Twelve 
Apoſtles - - | 

W. entr. of Magellan Straits 

The Four Evangeliſts my 
C. > 

C. S. Cataling- - 4s 

Com. Anſon's watering har- | 
bour — - - 


* Which is the Southermoſt part of the Ifle of Pines. 


Lat. 


d. m. 
63. 108 
53.00 
52.20 
51.33 
46.00 


{ 


Lon. | 
d. m. 
79.30 
79. oo 
80. 30 


80. 20 


77˙45 


ts. 


| 23 . i 
} From 13) d. W. to 140 d. E. is from 137d, W. to 220 d. W. from London; which 220 48 140 


| 1 815 t. | Lon. 
Coaſt of Chili. America. 1 F Aſiatic Iſles. WE 5 1 
— 0 « M. 0 pt 0 N 
L Marks e r Fee E UN} con150008 
Valparaiſo . ; 
ſoa Fenande I > dier of ank or Lins Neyo [6000 
Coquimbo C 7 
I. Salado, in Salt Bay [26.30 | 74.30 Is of Nipon jw 1 Fu 
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Note. Where E ſtands before the name of the Place, it degotes there is an Engliſh factory. EAST 
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N account of the Ruffian Diſcoveries, comprehending the North part of the 'coa 
A of Aſia, from Nova Zembla, round the Tchutkſchi, to the Ifle of Japan; with 
e courſe of the three Ruſſian ſhips which failed from the river Lena. This river takes it 
name in the country But᷑iati in Siberia, near the lake Baikal, lat. 55˙ N. lon. 10% E. It rung 
(winding) about many thouſand miles, and falls into the Frozen Ocean in various branches, 
near the ifle Kyrlak, in lat. 72 N. lon. 1239]. E. The North 2 of Samojud land, of 
the Muſcovitiſh territories, in 78 N. and 93* E. which is 23*E. from Nova Zembla, and 
in the ſame parallel of latitude. | | 
The Ruſhan ſhips took their departure from Bykowſkoi, neck of land, in 1648 “, they 
paſſed among the ice, and moſtly within fight of land, towards the Eaſt, between the latitade 
of 72 and 73 N. till they got to the lon. 175 E. from London; there the land ſtretched 
towards the North, which they paſſed in lat. 7 5° N. and in lon. 190 E. The land then tended 
S. and S. E. where they failed to the Ifle of St. Lawrence, and io on to Cape Kamtſchatka, 
lat. 56. 20“ N. lon. 160 E. 
* Note. The Pagan people of Jakutſki failed round, about 70 years before the Ruſſians, 

The Ruſhan Diſcoveries were made from the year 1736 to 1742, from Nova Zembla, along 
the Frozen Ocean, to Japan. But the Jakutſki (Aſiatic) Ruſhans, in 1648. 

In the year 1736, while the officers of the ſhips were at the city of Jukutzk, they obſerved 
in the archives 4 the town, the voyage which had been made by them 70 years before. 

In the Spring of 1726, Capt. Bering failed down the river Lena to Jakutzk with Lieut, 
Spangberg ; the Lieut. went before the reſt upon the river Aldan, Maca, and Judoma : He 
was followed by Capt. Bering by land, with another part of the proviſions, on horſeback ; 
they left Lieut. Tichirikow®at Jakutzk, to bring the reſt from thence to Ochotzk, Lieut. 
Spangberg was frozen up in the river Judoma : He.ſet out the 4th of November, to proceed 
over land to Ochotzk ; but ſuffered much by hunger, ſo as to eat leather bags, ſtraps and ſhoe, 
and arrived the iſt of January, 1727. In the beginning of February, he returned to Judoma. 
On the 2oth of July, 1728, Capt. Bering and the Lieutenants ſet ſail in three veſſels, from 
Kamtſchatka, lat. 569. 32 N. lon. 164 E. The 1oth of Auguſt, they got to the I. of 
Lawrence, and thence proceeded to 679. 30“; they returned, and arrived in the river Kal. u- 
ſchatka the 2oth of September, and wintered there. 

In 1737, Commodore Bering was at Ochotzk, and built two packet boats, and veſſels to 
take proviſions for their intended voyage: All were finiſhed in the Summer, 1740. But in 1738, 
Capt. Spangberg ſailed. from Ochotzk in company: He ſailed firſt towards Kamtſchatka; and 
then towards the Kurihan Iſlands, he failed to lat. 46 N. and then returned to Kamtſchatka : 
The following Summer, they ſailed to the Kurilian and to Japan; and then returned to the 
Commodore at Ochotz. Capt. Spangberg and Capt. Walton, who had been ſeparated at fea 
before they made Japan, and at different parts, unknown to each other, gave like accounts 
of its inhabitants, &c. and they made it to lie between 11 and 129 W. from Kamtſchatka. 
Spangberg made it in lat. 38%.51' N. and Walton in 38. 17“ N. They anchored in 389. 20, 
and they were then, by account, 1 19. 45“ from the firſt Kurilian I. They continued near the 
coaſt, to 33.48“ N. where they ſailed into a harbour and went aſhore to a city, and they 
were kindly received with marks of friendſhip. 

The 4th of June, 1774, Commodore Bering and Capt. Tſchirikow began their voyage 
from Awatſcha, their ſhips were ſeparated by a violent ſtorm and fog on the 2oth, and they 
were thereby deprived of mutual aſſiſtance. The Commodore did all in his power to find 
the other ſhip, but all in vain ; as Tſchirikow had taken an E. courſe from 48 N. and the 
Commodore from 435 However they both made the American coaſt, and their accounts 
agreed very well, The 18th of July, the Commodore made it in lat. 58. 28“ N. and 50* E. 
from Awatſcha, Capt. Tichirikow made it the 15th, in 56%? N. and 60* E. lon, from Awat- 
ſcha. On the 27th of Auguſt, Lieut. Waxel arrived at Awatſcha in Kamtſchatka, in lat. 
53©.50' N. where Capt. Tſchirikow had arrived. EI 


In the year 1636, the Coſſacs of Jakutzk began to navigate the Frozen Ocean, in the rivers Jana, Indi- 
girka, Alaſca, and Kolyma, towards the Eaſt; and in 1646, they ſent a company of volunteers, who found 
a navigable channel between the ice and the coaſt: they travelled to the river Anadir. 


One of the three ſhips paſſed about the N. E. part of Alia, in 1648, in lat, 75 d. N. and 190 d. E. lons 
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( 41 ) 
Of the EAST INDIES. 


1, HE empire of the Great Mogul. 2. The Peninſula ef India, Weſt of the Gan- 
ges; Malabar on the W. and Coromandel on the E. 3. The Peninſula, Eaſt of the 
river Ganges, to China; the Malay coaſt having the bay of Bengal on the Weſt; and the 
coaſt of Cochinchina, with the bay of Tonquin, on the Faſt ; and che S. E. and S. W. coaſts 
of Cambodia make, with the coaſt of Malacco, the bay of Siam. 4. The iſlands in the 
Indian Ocean. | 
Before the Europeans found the way to India, by ſea, all the traffic was carried on by the 
Perſians, Arabians and Moors, who brought the jewels, ſilks, ſpices, &c. partly over land, 
and partly by the Red Sea, to Alexandria, and other ports in the Mediterranean ; whence the 
Venetians, Genoeſe and Florentines brought them to Europe; by which trade the Princes 
of Syria, Arabia, and Egypt, and the merchants of Italy, were greatly enriched. The 
Portugueze, having found the uſe of the compaſs, by which they failed and found ont 
all the coaſt of Africa, doubled the Cape of Good Hope, and found their way to the Eaſt 
Indies. Emanuel, King of Portugal, fitted out four ſhips and 160 men, who failed from 
Liſbon in 1497, under the direction of Vaſco de Gama, who doubled the Cape, and failed to. 
Mozambique on the E. coaſt of Africa, in lat. 15* S. After ſome time they failed from thence, 
and in two months after they diſcovered the coaſt of Malabar ; they anchored near Calecur, 
the 2oth of May, 1498, where he ſent ſome men aſhore, who met with a Moor that underſtood 
Portugueze, and by his means the Zamorin, Emperor of Calecut, was informed of them : 
The Prince received them kindly; but being med by the Moors and Arabians, that, 
if encouragement was given to the Portugueze, they would trafick no more with them; 
therefore, De Gama returned home, without ſettling the friendſhip deſired, and arrived at 
Liſbon in September, 1499. 
5 In the Year 1 500, the King of Portugal ſent out 13 ſhips and 1500 men; fix of them 
arrived at Calecut, and were kindly received by the Zamorin; and a houſe was given to the 
King of Portugal, and liberty granted to load their ſhips before any others; but the Moors 
bought up all the goods; whereupon the Portugueze took the s from the Ships of the 
Moors, as alſo from 10 Arabian ſhips in the port, and battered the Town with his cannon. 
He then failed to Cochin, where he was kindly receiv'd, and furniſhed with the goods he wanted; 
and returned with rich cargoes to Liſbon, in Auguſt, 1502. The Portugueze carried on this 
trade with great Succeſs many years, till the Engliſh and Dutch tried for a ſhare, and made 
war with the Portugueze. The Dutch, in 1662, had almoſt expelled them, the Portugueze 
having only the factories of Goa left. 
The diſcovery of the Eaſt Indies happened in the reign of King Henry VII. who refuſed 
aſſiſtance to Columbus in the diſcovery of America, and ſo neglected the trade of the Eat 
Indies. And Henry the VIIth and his two ſucceſſors were otherwiſe employed. But Queen 
Elizabeth ſent out with a fleet Sir Francis Drake in 1557. He paſled the Magellanic Straits 
into the South Seas, and took many rich prizes from the Spaniards off the coaſt of Chili and 
Peru, and then ſtood over for the Eaſt Indies. He arrived at the Molucca Ifles and at Java, 
and was kindly received; he then proceeded to the Cape of Gocd Hope; and after thre- 
years, he arrived with abundanee of wealth in England. This was the firſt voyage that ever 
had been made round the globe by the Engliſh. | | 
In 1586, Thomas Candiſh, Eſquire, with a ſimilar commiſſion to that of Sir Francis Drake, 
ſet out on a ſecond circum-navigation, which he performed in two years and one quarter. 
He annoyed the Spaniards in the South Seas, and then ſtood over to the Ladrones, thence 
to the Philippine, and to Java, and ſo home by the Cape of Good Hope. | 
In 1591, John Lancaſter made a ſucceſsful trading voyage to the Indies; whereupon a 
company was formed, and 72,0001. advanced for a ſtock to carry on a trade to that 23 4 
| K ey 


Remark. 15 German miles make 60 geographichal ; 12 Bohemian and Seliſia, 60 do, 
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They obtained a charter of incorporation from the Queen, in 1600, This company 
ſent out five ſhips, and carried a letter from the Queen to the King of Achin in the iſle of 
Sumatra, and were kindly received. But the Portugueze, who were ſettled there, and then 
ſubject to Spain, included mY our wars with that nation: They accordingly, with all their art, 
endeavoured to ſet the King, againf us; but he would not be led by them, having heard of 
our glorious victory over the Spaniſh Armada in 1588; ſo that he became our friend, and 
was ſo kind as to aſſiſt us in diſappointing the Portugueze in all their e againſt us. Here 
we took in pepper, and paſſed on to Bantam in Java, where we ſettled a good correſpondence 
and factory; we then proceeded to the Eaſtward, and took a Portugueze ſhip in the ſtraits of 
Molucca. 

They returned home with good cargoes. From this time, ſhips were ſent out annually, and 
endeavours uſed to ſettle trade in all parts of the Indies: But the Portugueze and Dutch, by 
their artifice with the natives, rendered the trade very uncertain. In the year 1612, a treaty was 
concluded with the Great Mogul, by which we were allowed a free trade, and to ſettle facto- 
ries in his dominions; and in the year 1614, Sir Thomas Rowe went ambaſſador ftom 
King James I, to him; and our company has ever ſince kept factories in divers places 
there. In 1514, our ſhips failed to Japan, where the captains made a treaty with the 
King, and ſettled a factory which laſted ſome time. Soon after, Madraſpatan (commonly 
called Madrafs) on the coaſt of Coromandel, was obtained from the King of that place, with 
liberty to build a fort, which is called Fort St. George, and is the feat of our Engliſh ſove- 
reignty on the Eaſt ſide of C. Comarin, and on the Weſt fide of Surat. We have alſo the 
ſovereignty of Bombay, on the coaſt of Cambaia : The iſland Angediva, near Goa: Fort St. 
David's, near Nagapatan, on the coaſt of Coromandel, which the company purchaſed. Sce 
Moll's Geography, p. 75. Part II. 

Their factories on the coaſt of Africa, between the Cape and the Red Sea. 

On the Coaſt of Malabar, at Surat, Bombay, Dabal, Goa. | 

In the dominions of the Great Mogul ; Agra, Amadabat, Cambaya, Bradra, Baroche, 
Dabul, Pettapoli and Matſalipatan, 

At Siam, Cambodia, Tonquin. | 

At Achin, Prianim, Ticon, Fort Bencoolen, and Jambe in Sumatra. 

At Sacadano and Bandermaſs in Borneo. 

At Macaſſer in Celebes, 

The Dutch endeavoured to find a nearer paſſage to India, by the North, along the coaſt of 
Norway, Lapland, Nova Zembla, and Tartary; but their attempts proved unſucceſsful. In 
1525, they ſent out four ſhips under the command of Cornelius Houtman; by the Cape of 
Good Hope, they failed to Madagaſcar, Sancta Maria, and Antongil, Sumatra, Bantam, 
and Tuba in Java, and to the iſles of Madura and Bally, and arrived in Holland, in Auguſt, 
1597. In 1598, the Dutch ſent 80 ſhips to the Eaſt and the Weſt Indies: And in 1602, a 
charter was granted to a company, who raiſed a fund of 600,000]. ſterling, which ſtock in 
tix or ſeven years, was augmented to near 3,000,000 l. beſides a yearly dividend of 30 or 


40l. per cent. Thus they ſettled themſelves in the moſt remarkable places of the Eaſt 


Indies. | 
On the coaſt of Malabar, they have Onor, Barcelor, Mangalor, Cananer, Oranganor, 
Cochin, Coulam, On the coaſt of Coromandel, Ticticorin, Negopatam, Karkalle, and Pal- 
kacate. Alfo in Malacca, in Ceylon, in Bornia, and Moluccas. The Danes have a trade m 
the bay of Bengal, and on the coaſt of Pegu; but are maſters only of two places on the coaſt 
of Coromandel, Krankebar and Danſburgh, | 
The French, in 1664, erected a company for the commerce of the Eaſt Indies, and fixed 
their chief reſidence and factory in the iſle of MARGE; They traffick much at Siam. 
The empire of the Great Mogul, Indoſtan, or Moguliſtan, is bounded by Great Tartary, 
en the North; Perſia, on the Welt; the Peninſula of India and the bay of Bengal, — 2 
utn; 
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south; the kingdoms. of Pegu, Ava and Thibet, and China, on the Eaſt. Situate between 
20 and 40? North latitude, and between 70 and 90 Eaſt longitude ; being more than 1200 
miles ſquare. Agra, the metropolis of this Empire, is nine miles long. Produce, Rice, 
er their corn of general uſe; garden fruits, a great many more than with us; alſo mangoes, 
-'monds, cocoas, &c. The land in many places is mountainous and ſandy ſoil, with ſtones, 
ch as Jaſper, Agat, granates, chryſolites, amethyſts, rubies, and ſome diamonds, Woods, 
which are much more ſolid than ours; the bannian tree, which ſpreads in ſuch a manner as to 
make a whole foreſt; for the young boughs bend downwards till they touch the earth, and 
tere take root, and become a new tree, joined to its mother; and ſo on from the mother- 
tree every way, to an innumerable number, all conjunct, and proceeding from the mother. 
tree. The people there cut into the trunk of the palm and the toddy trees, and thereby the 
extract a juice which iſſues plentifully, and is a delicious drink, called tody and nery, which 
the common people drink inſtead of wine. They extract a rich ſpirit from rice, which th 
call arrack, which is drank by the better fort. Horned cattle, and ſheep, buffaloes, goats, 
deer, Elks, Antelopes, aſſes, mules, dromedaries; camels and oxen are uſed for drawing 


coaches, waggons, ploughs, &c. Horſes are not natives of this land, but they are brought 
from Perſia and Arabia. , 


ISLANDS on the COAST of INDIA. 


Maldives, are a ridge of iſtands about 1000 in number, and lie between 2 S. and 8? of N. 
lat. fituate in 74 E. lon. and S. W from C. Comorin (the Southern point of the coaſt of Ma- 
labar) 260 miles. — Ceylon iſle lies between 6 and 9 N. lon. 80 E. and its Norther- 
moſt point, Laſanatapa, is about 15 from the coaſt of Coromandel. Sumatra between 6 S. 
and 6* N. lat. This iſland on the W. and the coaft of the kingdom of Malacca on the E. 
make the ſea and ſtraits of Malacca.—Java on the S. E. and Sumatra on the N. W. make the 
ſtraits of Sunda, which is from 15 to 20 miles over. 

| The Produce of the Indian Iflands. 

1. Maldives produce cocoas and fruits, The inhabitants make garments of ſilk and cotton. 

2, Ceylon: Rice, pepper, ginger, ſugar, cardanum, tobacco, and fruit of all kinds, grows 
wild; the talipor tree produces leaves fix to nine feet long, and are uſed for bed and tent by 
travellers; this leaf will fold up like a fan. In the rivers and ſea coaſt are found pearl and 
rubies. The moſt valuable produce of this iſland, is cinnamon. The Dutch poſſeſs all the 
ports and havens on its coaſt, and engroſs all the produce. | | 

3. Sumatra: Plantains, bonanas, oranges, limes, cocoas, pomgranates, mangoes, man- 
geſtans, rice, citrons, camphire, &c, poultry, cattle, wild beaſts, elephants ; their rivers, 
fiſh. Gold in their mountains, and pepper in their valleys, in great quantities ſent to En- 
gland. The firſt Engliſh factory was eſtabliſhed here at Achin, and at Bencoolen, about the 
year 168 5, which is the place where the pepper is ſhipped, as it grows only on the Southern 
part of this iſland. | 

4. Java: Rice in plenty, ſugar, fruits, cattle, fowl and fiſh, wikd beaſts, pepper, but not 
ſo good as at Sumatra. | 

5. Borneo: Diamonds, bezoar ſtones, the beſt camphire in India, rice and pepper, cotton, 
honey, wax. The ſea coaſt is poſſeſſed by the Hollanders : There are diamonds of the high- 
ſt value, gums ; gold duſt is found in the rivers amongſt the ſands, and the richeſt bezoar 
ſtones are tound in the ſtomach of the wild ape. 
| 6. Port Celebes, E. of Borneo, between 15. 30“ N. and 5. 30“ S. lon. 140 E. There is a 
ong narrow cape which ends in a point at its North-end, by Dampier, 30 leagues long 
N.F. The N. W. wind blows from November till March; their houſes are built upon piles 
ne or ten ſeet high, to prevent the floods from carrying them away. Produce, rice and 
tices, fruit. The Dutch poſſeſs the capital on the South part of the iſle. There are many 


other ſmall iſles: 1. Bally, 2. Lomboe, 3. Flores, 4. Tamor, which produces white ſanders 
wood, and wax, - P 
7. The 


(244 )) | 
. The ſpice iſlands ; Produce; prodigions quabtities, of nutmegs and clove?,. The Pop, 
tugucze ditcovered theſe iſles in 1511; ſisce which the Dutch, by frequent wars, have 
expelled them and all other Europeans, and now have the monopoly of that trade. 1. Banda 
is the chief iſland for nutmegs and cloves. 2. Icrnate, 3. Tidore, 4. Amboyna, 5. Ceram + 
There are five or fix other ſmall ifles. - | N 

The Molucca iſlands: 1. Ternate, 2. Tidore, 3. Motir, 4. Machiam, 5. Barbian. Pro. 
duce; cloves, *tmonds, and ſome fruit, goats and poultry... They make bread. of the pith 
of a tree, which they beat into meal, knead it with water, and Hake into cakes, which t 
call fagu+; an excellent nouriſhing food as we experience. Theſe iſlands are all governed 
by the Dutch, who have forts. The Molucca and ſpice iſlands alſo produce oranges, lemang, 
nitrons, ſugar-canes, cocoa, potatoes, millet, tobacco, and fruits. 

2. Philippine iſlands, diſcovered by Magellan, in 1521, and named ſo in honour gf 
Philip II, then King of Spain, by whom they were conquered ; and they are now under the 
Spaniſh government, There are about 1000. iſles ; The principal are; 1. Manilha, 2. Min. 
danas, 3. Paragoa, 4. Tandaya. Produce z rice, cocoa, cattle, fowls, fiſh, wild beaſts, and 
fruits of various kinds, honey, wax, gum, bezoar, & c. rich pearl, ambergreaſe, cotton, 
ciyet (from the cat), gold in plenty, brazil and ebony wood, and timber for ſhips. There 
are many gold mines in theſe iſlands, and the value of 200,000 pieces of eight, is gathered 
annually, without the help of fire or quickfilver, In the iſle of Sibu, in 10® N. the famous 
Ferdinand Magellan, the firſt circum-navigator, was killed by the Indians, after the King 
and his chiefs had been baptized. 


* The nutmeg tree is like our peach tree; the fruit is incloſed within a huſk, like our walnut, within which 
is a leaf which incloſes the ſhell; this leaf is the mace; and within the ſhell is the nutmeg ; Theſe are g. 
thered three times a year. The clove tree is like our lawrel; its fruit grows in cluſters, 

+ Sagu, ſago, or Libby tree: It is a medicine againſt the flux. 


ERRATA to PAE 120. 
Page 17, line 24, for 3 i. 9 l. read 3 feet and 9 lines 
21 7. 195. oo W. var. of Pico 
29 9, col. 8, againſt Havre-de-Grace, O“. 17“ E. 
againſt Caen — 0.16 W. 
Chicheſter, 3d col. 50. 52 N. 
30 35, by the Map of Ireland, Dublin, 33.12 N. 69. 
| | Wexford, 52 .13 N. 6 
Waterford, 51 .07 N. 6 
Cork, 51.40 N. 7 
32 27, againſt Algiers, 2 
19 2, (Second Part) read artificial Numbers. 
Line 9, for lat. 289. 397, read 289. 30“. | 
Againſt the iſt Feb. under lat. by account, for 39', read 30/. 


4th ditto, under dep. 7 

7th ditto, ditto 1. 40. 

13th ditto, ditto r, Go. and lon. in 255. 40 W. 
16th ditto, lon. made o'. 33 E. -lon. in 239.03“. 
17th ditto, ditto 09.04 E. | . 
19th do. made lat. 30o'. dep. 0®.29' W. 18th, lat.” Pager 2.27" N 


Correction + 25/. + 24 W. lon. made 0.53 W. 
zoth, dep. 23 W. lon. made 23“ W. lat. in 19.01“ N. 
22d, lat. by account, 22'S, by obſ. 0.22. 8. 


24th, dep. 16“ W. 
March 7, lon. made 38“ E. | lat, by account, 215.58“ S. 
— Correction + + 14 


4 
8, dep. 40 E. lon. made 41' E. lon. in 289. 30“ W. 
Note. Folio 61 was by miſtake numbered 65. 
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The ELEMENTS ef EOMET RV. 


DE FI u on 1 


t. EOMET RT, is that ſcience, by which we learn how to compare things 
extended with one another, or determine how any one thing is greater, equal 
| to, or leſs: extended than another. | 

. In things extended are three dimenſions, viz. length, breadth and thickneſs. 

3- A point is that which has no parts or magnitude; that 1s, a geometrical point is not 

any quantity, but an aſſignable place in a quantity, 

4. A line, is a length without breadth or thickneſs. 

g. The ends of a (mathematical) line are points, without magnitude. | 

6, A right line, lies even, or in the ſame direction: A curve line, continually changes its 
direction. | 

7. Parallel lines, (ſtrait or curved) are ſuch as lie equally diſtant from one another, in 
every part; ſuch lines, if infinitely continued, will never meet. 

8. An angle, is the inclination of two lines to one another, meeting in a point, called 
the angular point; as at a, when formed by two right lines, it is a plane angle; if by 
curve lines, it is a curvilineal angle; and when form'd by circles of a ſphere, it is called 
a ſpherical angle. 

9. A right angle, is that which is made by one right line as AB, ſtanding — another line, 
as CD, making the angles on each fide of it equal, viz. the angle is equal to 
the angle ABD; ſo that the line AB does not incline more to one fide than the other; then 
the line AB is called a perpendicular: All angles, but right ones, are called oblique angles, 

10. An obtuſe angle, is greater than a right angle, as the angle CBE, 

11. An acute angle, is leſs than a right angle, as the angle DBE. 

12. A ſurface, or ſuperficies, is the — of any thing, and is that magnitude which has 
only length and breadth : The limits of a ſurface are lines; except the ſurface be con- 
tained by a curve line, as the circle's area is contained by a curve line, which is called its 
circumference, or periphery. - | 

13. A plane, is that ſurface which lies perfectly even between its extremes, or limits. 

14. A right lined figure, is a plane figure bounded by right lines only, Every right lincd 
figure, has as many angles, as it has ſides. | 

15. A triangle, is a figure bounded by three lines. TH t 

16, A folid, is a itude contained by three dimenſions, viz. length, breadth, and thick- 
neſs. cor. The extremes of a ſolid are ſurfaces. 3 

17. The ſquare of a right line, is the ſpace included by four right lines, each equal to it, and 
drawn perpendicular to one another. | : 

18. The rectangle of two lines, is the ſpace included by four lines, drawn perpendicular to 
one another, the oppoſite lines being equal. | 

19. Commenſurable magnitudes, — as may be meaſured by one and the ſame meaſure. 

20. Incommenſurable magnitudes, are ſuch as have no common meaſure. As the numbers 1 i and 
125 25 and 26, &c, which cannot be divided by any number without a remainder to one of 

em. | | | 

21. The compariſon of quantities, or the relation they have to one another, is what is cal» 
led Mathematics. | 

22, The compariſon of two quantities is called their ratio; and the ſimilitude of ratios is 
called proportion. © I 

23, That quantity which has its parts united, is called magnitude, and is the ſubject of Geometry. 

24. Mean proportionals, are all the intermediate terms between the extremes, in a geome- 
tical progreſſion. 

25. Surds, are ſuch numbers as have no exact roots; all numbers are ſurds, whoſe ots are 
not ſome of the natural numbers, 1. 2. 3. 4. f. &c. ad infinitum, | 

B 26. Diagonal 
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By definition is to be underſtood, a ſhort deſcription of a thing by its properties, 


1 
26. Diagonal of a figure, is a line drawn acroſs from one angle to another.. 
27. Area of a figure, is its ſuperficial content; i. e. the number of ſquare feet, yards, 
poles, perches, acres, &c. that are contained within the limits of the figure. 
Pl. 1. 28. Solidity of a folid, is the cubic inches, feet, &c. contained in it. 
Fig. 4. 29. A ſquare figure has four equal ſides, and its angles right; but if its ' oppoſite angles are 
obtuſe and acute, it is a rhombus, | . 
d. 30. A parallelogram has its oppoſite ſides, and oppoſite angles equal; and if its angles be 
1. Tight, it is a rectangle, or a right angled parallelogram ; if in oppolite angles are equal but 
2. not right angles, it is a rhomboides. 

3- 31. Ratio of two quantities, is the quotient arifing by dividing one quantity by the other, 
Terms of the ratio are the antecedent- and its conſequent, 2 firſt term by the ſecond. 
©. 32. Proportional quantities are thoſe, which have the ſame ratio, when compared two and 

two together; that is, when the firſt is to the ſecond, as the third is to the . 
33. Alternate terms, are the antecedents or the conſequents of different ratios. 


4. Magnitudes are of three kinds; the firſt kind are lines, the ſecond are ſurfaces, and the 
third are ſolids. (Def. 16.) | 


DEFINITIONS of a CIRCLE. 
6. 1, A Circle is a plane figure, bounded by one uniform curve line, every part of the 


curve being at equal diſtance from a point in it, called its center; the curve which 
| bounds it, is called its circumference. 


— 


— 


— * 2. The circumference (or periphery) of ey 

pe rio png „arb quent or links, is ſappottie be divide 
4 | us + 14. + aw” Mig þ $i; 3 1 into 360 equal parts, which are called degrees, 
« times, to be multiplied, 3 x 3 is 9 each degree into 60 equal parts, called minutes; 


er ID} each minute into GO equal parts, called ſeconds ; 
_ divided b a = _- - 2 a and ſo on, for thirds, fourths, &c. Whence 

oY ih wg = *. N 6 PD the arch of a ſemicircle. contains 180 degrees; 

F rt o poke el dhe quadrant 90%, the ſextant 60, and the 
r octant 45 degrees: Alſo, the reflecting inſtru- 

* FD 85 82231 A * 4 ments which are called octants and ſextants, 

. .. EET Ei are ; and + of the circumference of the cirele of 
* eule E: u. che le A 5 f 5] Which they are the radius of; and by the prin 

or ciples and properties of reflexion, all angles 
ile th. four: + meaſured by them, are double the angle of 
an.or F _— 5 1 * * angles the arch, and the arch or limb of the inſtru- 


| . | ment is numbered accordingly. 
© „ „ n ie qp Dag Fg Note, when an angle is denoted by three letters, 
or, d ms Conde: Thus 20 30 25%, the middle letter is that which ſtands at the 


a angular point denoted by it. ; 
IS dn, er tem... . The area of a circle (or other figure) is the 
co-· l & co-tangent 11 quantity contained within its bounds, in ſquare 
3 + « . . : . a ure. 
ab „ r 4. Angles at the center of a circle, are meaſured 


. by the chords, ſines, tangents, ſecants, and 
aol |; 2 me 1 of a circle. verſed fines of their fronting arches. 

OM E Vi SEO 1 0 wo „ 23 5. Any angle or arch of a circle may be mea- 
- NN * __ ants 1 ſured by the line of chords; by deſcribing 
Sup.] u be of 8 i the arch of a circle, with the chord of 609. 

: 4 e in the compaſſes, and one foot fixed in the 


Tl h 3 0 angular point with the other, deſcribe an arch 
I 155 5 Bo tis ” 0 | fo as to join the two ſides or lines which make 
Perp eee ee 2h me | the £4, and then the chord of the extent of 


b hat arch, being applied to the line of chords 
a +b*]denotes the Sq. of the quantity - g . r 
repreſented by a, added to theSq. (on the ſcale) will ſhew the degrees contained, 


| of the quantity b, &c, of others. vy * * * < IP I NA chord 


2 HP 
"the circle into two equal or unequal parts, as, 


» 1 


6. A chord, is a right line which divid 

7. An arc or arch, is any part of the circumference, as, DE, EBH, or IAD. 

8. A ſector, is a part bounted by two radiis, and the arch between them, as, AC, IC, and AI. 

9. A ſegment (of a circle) is a part cut off by a right line (as EGH) which divides the 
circle into two parts or ſegments. A ſine is a right line within a circle, being + of the 
chord of double the given arch; ſo EG is the fine of the arch EB. 

10. A tangent, is a line touching a circle, which produced, does not cut it, as BF: A ſecant 
is a line contained between the center of the circle and the extreme of the tangent, as CF. 

11. Angle at the center, is that whoſe angular point (C). is at the center, as DCE. 

12. AN the circumference, is when the angular point is in the circumference, as DAC, 
TSS Loi EG i 

13. Angle, in 4 ſegment, as EBH. EDA, DAI. _ kg 

14. Angle of, or upon a ſegment, as EHB which ſides ſtand upon the arc EB. es 

15. Similar ſectors, triangles, arches, ſines, tangents, &c. are thoſe bounded by radii of 
difterent circles, that make the ſame angle; as the chords Gb, BE, of the arches Gb, BE; 
ſectors GCB, BCE; fines bd, EG; tangents GE, BF, and theſe parts are proportional. 

16. Similar ſegments, are thoſe. which contain ſimilar triangles, as the triangle b4G, EGB; 
and ſimilar triangles are thoſe, which contain equal angles ; each 4 of one triangle, being 

ual to each 4 of the other triangle. NE | 598 

17. A figure is inſcribed in a circle, or a circle circumſcribed about a figure; when all the 
angular points of the figure are in the circumference of the circle. | 

18. A circle is inſcribed in a agure, or a figure circumſcribed about a circle ; when the circle ' 
touches all the ſides of the figure. 

19. One figure is inſcribed in another, when all the angles of the figure inſcribed, are in the 
ſides of the other. 2 VE 
20. In all circles, ſimilar arches are as their diameters, or radii; that is, Ca: ab:: CD: DE. 

| | radi, arch. radi. arch. 
or, as CG: Gb : : CB: BE. AndCd:db:: CG: GE, and : : CB: BF. 
21. The circumferences of circles are to one another, as their-diameters, or as their radius are. 
22. The angle of contact, FBE, made by the curve line EB, and the right line BF, is lefs 
than any right lined angle. 1 | 
23. The triangles Cdb, CGE, CBF are ſimilar; for their angles are equal; [def. 16.] 
conſequently their ſides are proportional. (See Theo. 15. of the Elements of Geometry.) 
24. If the diameter of a circle be 1, the periphery is 3,14159 and its area is 0,78 54 nearly 
But if the diameter be 2, the periphery is 6, 28318, &c. and its area 3,1416 nearly. 


GEOMETRICAL PROBLEMS. 
PR O B L E M I. 
O divide (otebiſect) a given right lme into two equal parts. Let AB be the given 
line to be divided. | | 
Set one foot of the compaſſes in A, open the other foot to more than half the given Fl. 1“ 
line, and deſcribe an arch, as CD; with the ſame extent and one foot in B, make the Fig. 2. 
ſections in the arch CD; as at d, e; then lay a ruler to theſe points of ſection, d, e, and 
draw a right line which will biſect the line AB, into two equal parts in the point E. 
Note, The No. 1, 2, &c. in the margin, denote the No. of the figures in the plate 


reterred to, | 
„5 26 4h, 1 
To let a perpendicular fall from a given point, upon a given right line. 
Let C, be the point, and AB the line; upon the point C, deſcribe the arch AB, and : 
upon A and B, with equal radii, make the dion D, draw CD, and the line CB, will be 2 
perpendicular to AB. 38 
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Fo ere a perpendicular on the middle of any given right line, or on any given point 
in it. | 

Let the given line be AB, and E, the given point in it; ſet off from E, equal 
diſtances, as EA, EB; and on the points A and B. make the interſection of the archeg, 
as at C, then draw CE the perpendicular required, | 

PR OB L E M VV. 

To erect a perpendicular upon the end of a given line, as AB, 

Take at pleaſure the point C above the line AB, from that point C, with the diſtance 
CA, deſcribe the part of a circle DAE, draw the right line DCE, then from the 
ſection at E, draw the line EA, as required. | 
Io draw a line perpendicular to a given right line, by the given numbers, in the table 
under, baſe, perp. hyp. which numbers are the lengths of the ſides of ſimilar right angled 
triangles, and to be ken off from a ſcale of equal parts, which equal parts may repreſent, 
inches, feet, yards, fathoms, poles, furlongs, miles, leagues, &c. 

——Rumbes. Thus ſet any Ne. in the 1ſt. column on the given line, and then 


I Bate, | Perp] Hyp.| with the pencil-pen, in the compaſſes, take the correfpondi rpen- 
3 4 7 dicular lc dare acid with one foot of the compaſſes as at * deſalbe 
15 8316] an arch, as at E; then take the number under hyp. in the compaſſes 
j 9 | 12 | 15 (correſponding to the baſe and perpendicular) and fet one foot at B, 
3 — the other point of the baſe and make the ſection as at E, through which 
12 | 16 | 20 | the perpendicular muſt paſs, | | 
| 15 | 20 | 25 | 
18 | 24 | 30 


TT ROUB L EM'-Y. 

To draw a right line through a given point, parallel to a given right line. 

Let B, be the given point, through which a line 13 to be drawn parallel to the line AF, 
upon the point B, as a center, deſcribe the arc CDE, to touch the line AB, as at D, with 
the ſame extent of the compaſſes upon the point G, deſcribe the are HIK ; draw the line 
PQ, through the point B, to touch the arc Alk. and it will be parallel to the given line AB, 


P ROB L. E M VI. 
To divide a given right lined angle, into two equal angles. | 
Loet the meeting of the lines AC, BC, be the angle to be biſected, upon the angular 
point C, with any radius as CA, deſcribe an arch as AB, upon the points A and B, deſcribe 
with the ſame extent two arches croſſing each other, as at D, then draw the line CD, and 
the angle will be equally biſected. | 


| PR ORB L. EM VII. 
Three right lines being given, to form them into a triangle, (provided any two of them 
taken together be longer than the third) | 
Make the longelt line AB, the baſe of the triangle, 1 25 ; 
Then take one of the other lines in the compaſſes and with one foot in A, deſcribe an 


arc, and with the other line in the compaſſcs and one foot in B. croſs the former arch, as at C: 
then draw the lines from A and B to C, and ihe triangle will be finiſhed or formed. 


PR O B L E M VIII. 
To divide a given right lin-, into any number of equal parts. 
Let AB be the line propoſed to be divided into ten or any number of equal parts. 
From the points A, B, draw the lines AC, BD, parallel to each. other, and at any 


convenient inclination to the given line, then ſet of from the points A, B, in the lines AC, 
BD, the nunbes of equal parts, the given line is to be divided into, and ſuch * 


- 


& VN 


the parts AG, BF, ſhall be greater than AB; and ſo, Mall the dividing lines to be drawn 
from the points in AC, to them in BE, be perpendicular to AB, or nearly ſo; otherwiſe 
the points of diviſion will be badly defined, as may be eaſily conceived by viewing the figure. 


F UC N. 


To find a mean proportional line, between two given right lines. 

Let the lines A, B, be the given lines; draw an indefinite line, as AG, make AB = line A; 
and BD =line B; biſe& AD, as in C; on C, with the radius CA SC, deſcribe the 
ſemi-circle AED; draw BE perpendicular to AD, to join the arch in E; then BE will 
be the mean proportional. 

Illuſtration, Let AB = 18, BD 8; and by proportion. 

AB: BE:: BE: BD.!§ ® AB x BD=BE. Squared. =8 x 18 = 144, its Sq. root is 12 =BE. 


ROOFS Er 
To divide a given right line, into a given proportion. 
Let AB be the line propoſed to be divided in proportion of the lines C, D, E, F. 
Upon the point or extr-mity A, draw at pleaſure the line AC; make AH equal to 
the line C, HI equal to the line D, IL equal to the line E, and LD =line F; draw the 
line BD, and LE, IO, HG parallel to it; and the line will be divided in the points 
G, O, E, as required. 
„JVC 


Two right lines being given, to find a third proportional. 
Let the lines B, and C, be the given lines, to which it is required to find a third 
proportional line, both increaſing and decreaſing. | 
Make at pleafure the angle DAF, and make AB equal to the line B, and AE equal to 
the line C; on the point A, deſcribe the arcs BC, ED, and draw the line BE, and DF, 
GC parallel to it; then AF and AG will be the third proportionals ſought. 
In numbers. : AB: AE: : AE: (AD): AF. = 
1 20-10 10-201: 2.6, 
AE: AB:: AB(=AC) : AG. 
20 : 16::16 © to 12,8, 


PFF 
Three right lines being given, to find a fourth proportional line, both increaſing and — 


the 3d. proportional increaſing. 


the 3d. proportional decreaſing, 


OS 


Let A, B, C, be the three lines propoſed, to find a fourth, which ſhall be to the thir 

as the ſecond 1s to the firſt, 

Make at pleaſure the angle KDL, and make the part DE equal to the line A, and the 

part DF equal to the line B, and the part EG equal to the line C; draw the lines EF, GH, 

parallel to each other, and FH will be the fourth proportional line, as required, 

In numbers. Let the lines A, B and C be repreſented by the numbers 12, 10 and 8 

reſpectively, then it will be N 
T1 of Then DF : DE: : DH : DG. 

1, e. as the ſum of the 1ſt and 3d se 3% 1055 185 FS 

{ the ſum of 2d and 4th. 


PR: Off AOL 

To make a ſquare upon a given right line. 

Let AB be the given line, erect the perpendicular BD = AB, then with the radius AB, ou 
the points A and D, deſcribe the arcs as at C; and to the interſection C, draw AC, DC, 
waich compleats the ſquare required. | 


C | P R Os 


* Note, * is to be read, Therefore. 


PL I. 
Fig. g. 


10. 


11. 


12. 


13. 


Pl. I. 


. 
1 o L E M XIV. 
5 With two given right lines A and B, to make a rectangle. 


Fig. 1 4. Make the baſe CD =B, draw DF perpendicular to CD, and equal to the line A; with the 


15. 


16. 


17. 


18. 


9. 


length B, and one foot in F, deſcribe an arch E; with the line AC, and one foot in C croſs 
the arch at E; draw FE, EC, and CEF D, will be the rectangle ſought. | 


PR OB L E M XV. 


To triſect a quadrantal arch. 


Let AB be the given arch to be triſected; ſet off the radius AC from A to E, and from 
B to D, which are the points of triſection. 


Any arch may be triſected by trial of equal extenſion. 
P AOL EM: AYL 


To draw a tangent to a given circle, from a point given, 
Let BDE be the circle, and A the point; C the center of the circle, draw AC, and 
biſect it, as in D; with the radius DA, deſcribe a ſemicircle, and draw AB to join the 
circle at B, where the ſemicircle cuts it; and BA will be the tangent as required. 


ROL. 


To meaſure an angle, which is made by two right lines; or to meaſure the inclination of 
two lines, in reſpect of each other. 

1. If the lines meet in a point, as the lines Aa, Ab, in the point A; on A, with the chord 
of 60 deſcribe an arch, as ab, and take the chord of the 88 in the compaſſce, and its 
meaſure on the line of chords is the meaſure of the m_ But if the lines do not meet in a 
point, continue them till they do, and then meaſure the inclination as before : Note, if the 
lides of the figure be not fo long as the chord of 60?, which you take from a ſcale of chords, 
you muſt continue ſuch line or lines, ſo as to join the circular arch, as the line AB, for D is 
continued to þ; whence the arch aG is the meaſure of the Z aAG; and gab, of the aA, 
and bd, of the 2 bAD; alſo the 4 GAD is = the arch GD. | 

Let AD be a line, to which another is to be drawn from A, which ſhall make an angle 
with AG, = 1109. having deſcribed the arch, ſet off from D, the chord of 90. to g, and then 
ſet 20 from g to a, and draw A thro? a, and the angle will be conſtructed, 


?P RO L EM: YH. 
In a given triangle to inſcribe a circle, that ſhall touch all its ſides, or to circumſcribe 2 
circle about a triangle. 
L.et ABC be the triangle, biſe& any two of its angles (as A and B) by Problem 5. 
their interſection will be the center of the circle required, as the point at D: But to find 


the center of its circumſcribing circle, biſect any two of its ſides, and the point of their 
interſect ion will be the center. | 


PR Q D RBM q II. 


To make a ſcale of chords (of a ſemicirele) continued to 180 degrees. 


Firſt draw a right line of any length at pleaſure, as AB, and on its center C, deſcribe a 


ſemicircle. 2. Ere& the perpendicular CD, and triſect the arches AD, DF, by Problem 15. 
and the ſemicircular arch will be divided into parts of 30? each. 3. Triſect each part (by trial) 
and the arch of the ſemicircle will be divided into each 10% which number as in the figure. 

4. On the point A, with theradii's A 10, A 20, A 30, &c. transfer the diſtances of the 
diviſions of the arch ADB, to the chord line, or diameter AB, and number them accordingly; 
and it will be the line of chords as required. | — 

In like manner, the chord of each degree and minute may be laid down in a line of a 
Gifficient length. * 1 


enn, ̃ cP 
by 4 of + 


a 
| 


. 
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Upon a given right right line, to deſcribe the ſegment of a crcle which ſhall contain an 

angle, equal to a given angle. | | 
Let the inclination of the lines al, and bl, be the given 4, and AB the given line. pl. 1 
Make the 4 BAO= 4 I, draw AG perpendicular to AO, biſect AB in D, and erect the Fig * 
perpendicular DE, which will interſect AG in C; on C with the radius CB=CA, deſcribe © : 
the circle AFGB, and draw AF, AE, BF, BE, BG, ſo as to meet any where in the circum- 
ference, then the 4 OAB= 4 AFB=AEB AGB; each 4 being made in the fame ſegment 
of the circle AEB, as required, 


DEFINITIONS of GEOMETRY. 


A propoſition is either a problem or a theorem, 

1. A problem is ſomething propoſed to be done. 

"op 3 is ſomething propoſed to be demonſtrated, and from which a general rule is 
deduced. 

2. A lemma is ſome principle demonſtrated, in order to ſhorten the demonſtration of the thing 

unqder conſideration. | 

4. A corollary is a truth obtained by the foregoing demonſtration. 

5. A ſcholium is remarks made on the foregoing. 

4, Similar triangles are thoſe whoſe angles of one triangle are equal to thoſe in the other 

triangle, each to each reſpectively ; that is, in the triangles ABC, abe, L A= L a, 


Bb, and C=; and their ſides, which contain the equal angles, are propor- 
tional thus, AB: AC: : ab: ac, and :: Bc: bc. 


CEOMETEREEICAL THEDREMS. 


FH OM RN LBM I. 
A right line ſtanding upon another right line makes angles with it, which are either 
two right angles; or taken together, are equal to two right angles (13. e. 1.) 


JJ! ͤ b T1 0: I. 

Let the right. line DC, ſtand upon AB; on C, with any radius deſcribe the arch AD#, 
then the arch AD is the meaſure of the angle ACD; and the arch Da, the meaſure of the 4 

DCB; but the arches AD + Dd are two right angles, being a ſemicircle; hence the 2, 
+ Le are 1809. or two right angles. Q. E. D. 

Corollary, Since the circumference of every circle contains 3609, or four right angles; 
therefore all the angles that can be made at any point are = 4 right angles, and all the angles 
tat can be made on one ſide of a right line are = 2 right angles. 


THEOREM IK 


if two right lines interſect one another, the two oppoſite angles are equal. (15, e. I.) 


CCC OO 


Let AB, CD be the lines interſecting at E, by the laſt Theorem, the 4a . 4 5=189? 
and the Z þ + z E = 1$09?. therefore a= LE; and ſince | | 
the LE + 4 c=180?. | Take the 4 E from each, and there will remain c= . 4 Q.E.D 


and ET b=180%) and Za = LE. 
Suppoſe 4a 27. 47 then 
the 4 b, will be = 100. 13. 46 
becauſe Ca ＋ 4b=180,00,= C ⁰ EE LET £c. 
T H E- 
Note, 13. e. 1. denotes the Theorem is the 13 Propoſition of Euclid's 1ſt. Book. ' 
QE. D. Quod erat demonſtrandum. Which was to be demonſtrated, 


(8) 
THEORE M III. 


If a right line interſect two parallel right lines, it will make the oppoſite and the alternate 
angles, equal to one another. (29. e. 1.) | 


DE MON ST RATIO N. 


Suppoſe the lines AB, CD, parallel to each other, then the right line EF, makes the 
angles a +4=e+h, on the ſame ſide of the parallel lines; and the angles d +c=þ + 2; 
therefore the oppoſite angles a , and e=g, conſequently the angle a=e=p, and the 
alternate angles a =g, and 4=f, which was to be proved. 


Roa TORS | 
The ſum of the three angles of every plane triangle, is equal to two right angles, 
(32. e. 1.) 


DEN GSN 


Let ABC be the given triangle, draw the line EF parallel to AB, through the point C; 
then will the Za = 4g, and 44= 4f, by Theorem 3. But the angles a +c +b=g + c + /, 
= 1802, or two right angles by Theorem 1. Q. E D. | 

Corollary 1. If one 4 of a triangle be a right 4, the ſum of the other two angles, 
will be equalto a right angle. Cor. 2. All the inward angles of any right lined figure, make 
twice as many right angles abating four, as the figure has ſides. 


T „ . 


If one ſide of a triangle be continued, the outward angle will be equal to the two inward, 
oppoſite angles (by 32. e. 1.) 


DEMONSTR ATI ON. | 


Let the ſide AB be continued to D (in the laſt fig.) Then by Theorem 1. the 4 4 + 2 f 
2180 = the angles g +c +f, from each ſum, take the Z, and there will remain the 
4 i= 2 gr & Go E. D. | 


FFF ‚ A 78 M-:-:-- $$ 


In every plane triangle equal ſides ſubtend (i. e. are oppoſite to) equal angles. And 
equal angles are ſubtended by equal ſides. (5. 6. e. 1.) 

Suppoſe the triangle ABC, to be an iſoſceles triangle, whoſe ſide AC =BC, biſect the 
C, then the angles on each fide of the biſecting line CD, at the point D, is a right 2, 
therefore .; 4 C, (ACD) + 2 A= 900. : 

and : 4 C, (BCD) + 4 B=geo?. 
But C TAS TCC TB. ZAB. Q. E. D. 


F 


In every plane triangle the longeſt ſide ſubtends the greateſt angle. And the greateſt 
angle ſubtends the longeſt ſide (18. e. 1.) This is evident by the figure, and therefore needs no 
Demonſtration ; for if AD be made AC, and CD drawn ; then the 4 BDC= 4 A + ACU. 
and 4 ADC ACD, is greater than 4B, And 4 C is greater than £4 A, for BE is BC, 
therefore the 4 C is greater than 4 A, as before. 


TT 
If the ſides of two triangles be equal, the angles oppoſite to thoſe ſides, are alſo equal (5. e. 1.) 


D E- 


( oo ) 


DE MON ST RATIO N, 
This is evident by Theorem 6. in which figure the triangle ACD is = triangle BCD, 
and AC is = CB; alſo AD is =BD, and DC common to triangles, *.* the Z A 4B, 
ACD BCD, 4 ADC=BDC. Q. E. D. | 5 


T HE OR E M IX. 
An angle at the center of a circle is double to the angle at the circumference, when both 
the angles ſtand upon the ſame arch. (20. e. 3.) 


„ NS. 18 ANF ON; 


Let AE be the diameter, C the center; then the 4 ECE is the 4 at the center. But by 
Theorem 5, the 4 FCE= ZZ A+ ZF; becauſe AC =CF, . A= F, by Theorem 6. 
Hence 4 FCE =2 E A, or the double of the 4 FAE. Alfo the 4 ECD =2 Z EA, 
and 4 FCD=2 4 FAD. Q. E. D. Fig. 7. 
Corollary 1. All angles at the periphery, which ſtand on the ſame ſegment, or arch of a 
circle, or upon equal arches, are equal to one another. (26. 27. e. 3.) 
Corollary 2. Angles that ſtand on equal circumferences, in the ſame or in equal circles, 
are equal to each other, whether they be at their centers or circumferences. +7... 
The Z ADB= Z AEB = 4 AFB, each ſtanding on the fame arch AB; alfo becauſe AF, Fig. 8. 
BE, are diameters ; therefore the 4 ECF = 4 ACB, ſtanding upon equal arches AB, FE. £9 
Corollary 3. An angle in the circumference, and ſtanding on the arch of a ſemicircle, 
is a right angle, | 


T H N © RR NM. 
An angle in a ſemicircle is a right angle; that is, if the diameter of a circle be the ſide 
of a triangle, and the E oppoſite to that fide be any where in the circle's periphery, it is a 
right angle. (31. e. 3.) | 


DEMONS TR A:T I ON. 

Let AB, DE, be diameters, C the center; then Z DCB=2 . A, and = 2 A=ADC, and 
2B = 4 BDC, becauſe equal fides ſubtend equal les, (by Theorem 6.) But Fig. 9. 
ADB S CDA + CDB= A B; conſequently £4 A = 90, Aa right 4. Other- 
wiſe thus: becauſe ADC = ACE, and BDC= BCE, therefore ADC +BDC= (ADB) Theo, 1. 
=+ ACE ++ BCE = + two right angles = one right angle. Q. E. D. | 

Cor. An angle made in a ſegment that is greater than a ſemicircle, is leſs than a right 
angle; and an £ made in a ſegment that is leſs than a ſemicircle, is greater than a right angle. 


T H E OR E NM NV. 
The (ſtraight line) right line drawn at right angles to the diameter of a circle, from 
the extremity of it, is without the cirele; and no right line can be drawn between that 
right line and the circumference from the extremity, ſo as not to cut the circle. (16. e. 3.) 


Db E MON S r RNA TI O N. 
Let HGD be a circle, che center of which is C, and the radius CD; the right line 
DE, drawn at right angles to CD, from the extremity D, is wholly without the circle. 


— — 
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Fig. ity 


Remarks, 1. Any two ſides of a triangle is greater than a third. 
2. That *.* denotes therefore, and is ſo to be read. 
3. That 2 on a greater ratio to 3 than it has to 4; but 4 has a greater ratio to 2 than 3 has 
fo 2, Ce 8. e. 5˙ 


D For 


| WY 


For if it does not, let the chord DB repreſent it; and becauſe CD= CB, the 2 D 
B; but the 4D is a right angle: . 2 Bis a right angle, and the angles D and B are 
719. e. 1. = two right angles; which is impoſſible *. (Theorem 4.) Therefore the right line drawn 
from D, at right angles to CD, is without the circle. 
Corollary 1. From this it is manifeſt that there can be but one ſtraight line which 
touches the circle in the ſame point. 1 6+ | 
Corollary 2. If a right line touches a circle, the line drawn from the center to the 
point of contact, ſhall be perpendicular to the line touching the circle. 
Corollary 3. If a right line touches a circle, and from the point of contact a right line 
19. e. 3. be drawn at right angles to the touching line, the center of the circle ſhall be in that line, 


PR KM XY. 


In all circles, ſimilar lines and arches are as their radii; and the lines which contain the 
equal angles are proportionals. 


D. AA e 
4, 5,6, 7, Let the cireles HDG, dg be both deſcribed on the center C; draw the radii CD, CB, 
8, 9. e. 6. and continue CB to F: Alſo draw the tangent lines ad, ADF, and then the arches di, 
Fig. 11. DB, and the tangents of theſe arches df, DF, will be ſimilar, having the angle C common 
Def.8.10. to both the triangles, and the ſectors of the circles. Therefore Cd: ab:: CD : DB. 
15. of a And Cd: df :: CD: DF. Alſo Ch : Cf :: CB: CF. And Cf: CF :: fd: FD. 
circle, B 6 
5 ( Dy 12. . ) 


ob. 12. 


* 


T H E OR E M XIII. 


In a circle, the angle made at the noun of contact between the tangent and any chord, 
is equal to the angle in the alternate ſegment. ECF =EBC, and ECA=EGC. 


D EMO NS.T72 AT: 0 MN. : 
Fig. 13. From the point of contact C, draw COD, which is perpendicular to AF. (Theorem g. 
® Theo, re. Cor. 3.) The angle CED is a right angle; therefore 4 D +ECD=a right 4, = DCE. 
+ECF. Therefore the angle D= EBC=ECF. And 4 CEG + 4 G=GCF +ECA; 
but GEC GC F. 4 G=ECA. * | 
| Corollary 1. A tangent to the middle point of an arch is parallel. to the chord of it. 
32. e. 3. For if the arch CB=arch CE, then the chord CB= chord CE; whence E= B= ECF, 
and BE, CF are parallel. | | | 


T HH E © R EM: TY. | 
Prob, 12. If four right lines be propertionals, the rectangle contained by the extremes is equal to 
the rectangle contained by the two means (or middle terms); and if the rectangles con- 
tained by the two means be equal to the rectangle contained by the extremes, the four 
right lines are proportionals. (16. e. 6.) 


| T HE O R E M XV. f 
Prob. 11. If three right lines be proportionals, the rectangle contained by the extremes is equal to: 
the ſquare of the mean, and the contrary. (17. e. 6.) 


T HE O R E M XVI. 
Upon a given right line to deſcribe a rectilineal figure, ſimilar and ſimilarly ſituated 
Theo. 10, to a given rec ilineal We. | (18. e. 0.) 


THEOREM 


* 


Cn) 


THE OR E M XVII. | 
n ge are to one another in the duplicate ratio of their homologous fidgs. 
19. e. 0. ' | | 
('9 For the demonſtrations of theſe four 'Theorems, ſee Euclid's Elements, 


£2 #:E Q B. EK M -XVUL 
In any right angled triangle, a perpendicular being drawn from the right angle to the 
hypothenuſe (or ſide ſubtending the right angle) it will divide the triangle into two right 
angled triangles, ſimilar to the farſt triangle and to each other. (8. e. 6.) 


Note, Similar triangles are thoſe, where cach ſingle angle of one triangle 1s equal to each 
fingle angle of the other triangle. (4. e. 6.) | 


Def. 16. 


ee. 

Let BAC be a right angled triangle, and AD perpendicular to BC; the 4 BAD= 4 C, Fig. ic. 
for 4 B+ . C = O e 4B + 4 BAD. Allo 4 CAD= ZB. 4 C+CAD= 2 B+BAD. 
Conſequently the triangles ADC, ADB, and ABC, are alike, or ſimilar to each other, and 
their ſides proportionals . Thus the ſides which contain equal angles are proportional. 16, e. 6 
AC :; C15 r . 20 : th Bur 
18 : 12 is a leſs ratio. 

N c Ab0;4x12 4 gx 10 5 7,28" 056: (By 2.5. 

& 16. E, 5. | 

Compoundedly. 28 : 16,8 :: 12 : 7,2 :: 16 : 9,6. And 7, 2: 12 :: 16;8 : 28. 
(By 17. & 18. e. 5.) | | 

Corollary. If two triangles have their ſides proportionals, their angles are equal, 

Alſo in the triangles ADB, ABC, the zZ B is common to both; and the 4 4 D and 
BAC are right angles; therefore the remaining 4 4 BAD, BCA are equal; conſequently the 
triangles ABD, ABC are ſimilar. | 

Again, in the triangles ACD, and ACB, the 4 C is common, and Z D BAC; there- 
fore the triangles ABC, and ACD are ſimilar ; conſequently the triangles ABD, and ACD 
are ſimilar. In numbers. Let BC =20, BA = 16, and BD=r2, 8; then the following 
proportions will be“: 

Corollary 1. The rectangle of the hypothenuſe and either ſegment is equal to the ſquare 
of the adjoining ſide. 5 

For BD : BA :: BA : BC, zn CD: CA :: CA : CB. 
® 12,8 2: 16 :: 16: 20 8 284 - xy : 2 -20% 
BD x BC BA ſquared, and CD x BC CA ſquared. 

Corollary 2. The rectangle. of the hypothenuſe and perpendicular is equal to the reck. 

angle of the other two ſides | 
For BC: BA:: AC: 1 BC x AD= AC x AR 
LE. 20 2 16-22-12 3 Gp F 7 * 


Corollary 3. The perpendicular is a mean proportional between the ſegments of the 
hypothenuſe. 


| 1 : . _ l . DB DC DA ſquared. 

„ a0 3: ek 
Corollary 4. 'The ſegments of the hypothenuſe are as the ſquares of the adjoining ſides: 
Corollary 5. As the perpendicular: hypothenuſe : : the rectangle of the ſegments : the 

rectangle of the other fides. | 
Corollary 6. The diſtance of the right 4 from the middle of the hypothenuſe is equal 
wo half the hypothenuſe, via. Ad = BC =Bd=dC, 


Fig. I 3» 


} Whence 


THEOREM 


( tz 


8 T H E OR E M XIX. 
If two right lines within a circle cut one another, the rectangle contained by the ſegments 
of one of them, is equal to the rectangle contained by the ſegments of the other. (25. e. 3. 
Let AB, CD, be the lines which interſect in the point E; then AE x EB DEN EC. 


D %% BY 9 of . 
Tig. ro. Draw the lines AD, BC, and the triangle ADE will be like the triangle BEC: For the 
Det. 23. 4 A= 4 C, and Z D 4 A, ſtanding upon the ſame arches, (ſee Theorem 11.) and the 
AED - BEC (by Theorem 2.) Therefore AE : DE :: EC : EB. AE x EB 
+16.e.6, DE x EC A. 


. 9m BT i ot OD + fl 


If from any point without a circle two right lines be drawn, one of which cuts the 
circle, and the other touches it, the rectangle contained by the whole line which cuts the 
circle, and the part of it without the circle, ſhall be equal to the ſquare of the line 
which touches it. 


r ß 
Let E be a point without the circle, and EA, EF, and EG, right lines drawn from it; 
Fig. 12, draw the lines AD, BG; then AE x BE=EF* =GE x DE. The angle EFC is a right 
® 18, e. 3, angle ®. Allo 4 A= G, and z B= 4D; but the 4E is common to both the triangles 
AED, and GBE. Whence AE : ED :: GE : EB. . AE x EB=DE x G. 
Let E be the point without the circle, C the center; EG, EF the lines, of which 
Fj EDG cuts the circle, and EF touches it in the point F; the rectangle EG, ED is equal to 
5-1" the ſquare of EF EE 
the ſquare ; 
Dem. Draw Cg perpendicular to GD, then gG =gD, and CF=CD: and becauſe the 
right line GD is biſected in g, and produced to E, the rectangle GE, DE, together with 
+ 6. e. 2. the ſquare of gD, is equal þ to the ſquare of gE. To each of theſe equals add the ſquare 
1 q 8 Ks 0 7 
of Cp; then the rectangle GE x DE + Dg* +Cg* =Eg* +Cg*. But the ſquare of 
CE =Eg* +Cg* ; becauſe CgE is a right angle, and the ſquare of CD Cg. + Dy*. 
Therefore GE, x DE +CD* SCE“; allo CD=CF. *+.* GE x DE +CF* EC“. Burt 
CF* +EF* =EC*, becauſe the angle F is a right angle. Therefore GE x DE + CF* EF. 
CF, take away the common ſquare from each, and there remains GE x DE =EF* : that 
is, the ſquare of CF being taken from theſe equals, the remaining rectangle GE, DE, 
is equal to the ſquare of FE. Q. E. D. 


JJV 
In any right angled triangle, the ſquare of the hy pothenuſe is equal to the ſum of the 
ſquares of tne other two fides. (47. e. 1.) 


57) 12 4 +1 0: 
Let ABC be a right angled triangle, BC the hypothenuſe; upon which make the ſquare 
g. 10. BEGC, and draw AF parallel to GC. * | 
Then by ſimilar triangles. BC : BA:: BA: BD CB: CA:: CA: CD. 

. 0 Whence AB =BD x BC J . Hence AC? =CD x CB. 
That is, the ſquare of AB is equal to the rectangle, or product of BD, and BC, which is 
the rectangle BDFE. And the ſquare of AC is equal to the rectangle DCGF, by Corol- 
lary 1. Theorem 198. But the rectangle BF +CF is = the ſquare EC; therefore CE, or 
the ſquare of BC ie the ſum of the ſquares of AB and AC, Q. E. D. * 
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WM 
The foregoing. principles may be commodiouſly expreſſed by the following equation: 
AB* +AC* =BC*. From which equation are deduced the two following equations, viz. 
(1.) AB RC- AC! AB= /BC*—AC*? Fig. 16, 
(2.) AC =BC*—AB* + AC= /BC*—AB* 
That is, the ſquare root of the difference between the ſquare of the hypothenuſe and 


that of one of the other ſides is the length of the third fide, 

Note 1, By equation is to be underſtood the quantity or quantities that are on each ſide 
the mark (=) which quantities are equal. 

Illuſtration. Suppoſe AC= 3, and AB=4, then AC* +AB*=9 +16=25, and the 
'/25=5 =BC. Alſo BC*—AC* =25—g=16, whoſe ſquare root is 4 = AB, 

Allo 5 : 4 :: 4: 3,2=BD, ** DC= 1,8. 
And 5 : 4 :: 3: 2,4 AD. | 

Suppoſe AB = 27, and the other ſides in the ratio of 3 and 5. Then ,/25—9=4 the 
third fide of the ſtmilar triangle, to that whoſe fide is 27; and 4: 3 :: 27 : 207, alſo 
4:5 :: 27 : 333, and the like of any other. 

2. The ſquare of a right line is the ſpace or quantity included by four right lines equal 
to it, drawn perpendicular to one another. | 


3. The rectangle of two lines is the ſpace included by four right lines equal to them, 
drawn parallel and perpendicular to one another. FERN 


4. $$: e 
The two ſides of any right angled plane triangle being given, the other ſide is alſo 
given, by Theorem 21. | | 


Dem. Let the diameter AH= 2, and the chord of 60* = HE =HC= 1, the rad. of the pig. 17. 
circle; then the chord of 120% = AE= AH —HE* = /4—1=/3=1,7320508, 
the half of which is the fine of 60*e=ED - - - - - - - - - =0,8660254., 


Alſo the chord of 609. being = 1, its half HO=GF= 0,5000000; which is the ſine 
of 30% And /1—GF* = /1—;= /,75=0,8660254= CF, the coſine of 30 which 
is = the ſine of 60% = ED, as above. | | | 

The ſine and coſine of an arc being given, to find its tangent and co-tangent. Thus, 

ꝛ⁊s the coſine is to the ſine, ſo is the rad. to the tangent. | 

Let the tangent of the arc HG, of 30 be required. 
Then it will be, as CF : FG :: CH : HI. Hence; 
As ,8660254 : ,5 :: 1 : ,5773503=HTI, the tangent of 30% = BL. 
Now it will be, as the tangent is to the rad. ſo is the rad. to the co-tangent. 
BL: BC :: CH: HK, as ,5773503: 1 :: 1 : 1, 320508 = HK, the co-tangent, 
To find the ſecant of the arc HG. Þ py 
As CF: CG :: CH: CI=1,1547005 the ſecant = CL. 
| Bop To find the co-ſecant CK. 
As CD: CE :: CH: CK=2,000000 the co- ſecant. 
Whence it appears, 105 A 
1. That the tangent is a 4th proportional to the coſine, the ſine and radius. 
2. That the co-tangent is a 3d proportional to the tangent and the radius, and a 4th 
proportional to the ſine, coſine and radius, DIL COST TROY 
3. That the ſecant is a 3d proportional to the coſine and radius. 
4. That the co-fecant is a 3d proportional to the ſine and the radius. 
5. That the rectangle of the tangent and co-tangent is equal to the ſquare of the radius; 
therefore the tangent of half a right 4 is = the radius. | | | 2 


Alſo the co- tangents of any two different arches are to one another as the tangents of the 
lame arches inverſely. 


* 


15 
1 
or 
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The chord of 60? is = rad. For fince the triangle CEH is equilateral, the other two ſides are each equal 
to radius, and their oppolite angles are alſo equal, and E = 60%, therefore the chord HE = rad. CES CH. 


To 


Fig. 18. 


Fig. 19. 


Fig. 20. 


J. Nourſe in the Strand, Price 18. 6d.] where the nature and inveſtigation of logarithms, 


CC W-3 1 
To find the fines, tangents and ſecants to each degree and minute of the quadran 
arc; alſo to find the logarithms of numbers, ſee Simpſon's Trigonometry, bd . 
F 
tangents, &c. are fully handled. See alſo Sherwin's Tables of Logarithms, or Keile 
Euclid. | 


T H E OR E M XXIII. 

If a right line be divided into any two parts, the ſquare of the whole line will be 
equal to the ſquares of both the parts, together with a double rectangle under the ſame parts. 

e. 2.) | 
war Let AB be the given line, divided in C. The ſquare of AB is AGIB; which, ac. 
cording to Euclid, let be expreſſed by Al. | 

And the ſquare of BC by IE, and of AC* by AE; for AD=AC=BF, and BC 
EH=HI. Alſo BI is perpendicular to AB, and parallel to AG. 

Hence GE, EB are the two rectangles, and = each other. Whence the figure ABIG 
is = the figures BE+EG +AE +EI. Th. AB* = AC* +BC* +2AC x BC. Q. E. D. 

Corollary. Hence the ſquare of any line is = four times the ſquare of half that line 

In numbers. Let AB= 10, AC = 4; then 10* = 100= AB*®. | 

And 6 x6 +4 x4 +2 x4 x 6= 36 +16 +48= 100=BC* + AC* +2AC x BC. 

In like manner may be demonſtrated, that the difference of the ſquares of any two un- 
equal right lines — — to — a 1 7. the ſum and difference of thoſe lines. 

In numbers. 6 x 6= 36. o 6 +4=10 : 
And 4% 1 5 8 heir ſum and difference. 
And the difference of the ſquares = 20= 10 x 2, the rectangle of the ſum and difference; 


HS O0R-E M 2X. 

In any obtuſe angled plane triangle, the ſquare of the ſide ſubtending the obtuſe & 
is greater than the ſquares of the other two ſides, by a double rectangle made of one 
of the ſides; and the part of that ſide continued till it meets with the perpendicular let fall 
from the other extreme of the longeſt ſide. (By 12. e. 2.) 

Let ABC be the triangle propoſed, and CP the perpendicular. Then AC* = AP* + 
PC“; but AP= AB TBP. AP* = AB* +BP* +2AB x BP, By Theorem 23. And 
PC* = BC* —BP*. By Theorem 21. | 

Hence AC = AB* +BC* +2AB x BP. Q. E. D. 


THE O RK EM AXV,. | 
The ſquare which circumſcribes a circle, is double to the ſquare infcribed in it. 
Dem. Let AEBD be the circle; the chord lines, AE, AD, BE, BD, will be the fides 
of the inſcribed ſquare; and FGHI, of the circumſcribed ſquare. i. e. FG, GH, HI, IF. 
The diagonal AE divides the ſquare AFEC into two equal parts ; therefore the triangle 
AEB =: the rectangle AFGB, and ADB = AIHB; conſequently the ſquare AEBD=7 
FGHI : therefore the circumſcribed ſquare is double to the inſcribed ſquare. 
Corollary 1. In every circle, the chord of 90%. is the ſide of the inſcribed ſquare : 


And if the diameter be 1, then AC =:, and AE=2AC*|+=2 x + E= 


* 


5707106781. 


Whence by ſimilar triangles, 
As 1: ,7071 :: any circle's diameter to the ſide of its inſcribed ſquare. | 
Corollary 2. 'The diameter of a circle is equal to the fide of its circumſcribed ſquare. 
Corollary 3. The ſquare root of the area of that circle whoſe diameter is 1, viz. of 
765398, is ,886 che hide of the ſquare of equal area to that of the circle, as 


—ͤõ“ — 


( ts } . 
Of ARITHMETICAL PROGRESSION. 


HEN any rank or ſeries of numbers do either increaſe or decreaſe by an equal interval 
or common difference, thoſe numbers are ſaid to be in arithmetical progreſſion. 
1. 2. 3. 4. 5. 6. 7. &c. increaſing by 1. 
Thus{ 1. 3. 3. 7. 9. 11. 13. &c. ditto by 2. 
21. 18. 15. 12. 9. 6. 3. &c. decreaſing by 3. 
Lemma 1. If any three numbers be in arithmetical progreſſion, the ſum of the two 
extremes will be equal to the double of the mean, or middle term. 
In the above ſeries 15 1 9 = 12 +12, And 3 72112 +12. 
Lemma 2. If any four numbers are in arithmetical progreſſion, the ſum of the two 
extremes will be equal to the ſum of the two means. 3. 5. 7. 9. Or 1. 7. 13. 19. 
Thus 3 +9=5+7=12. And 1+19=7 +13=20. 
Corollary. If ever ſo many numbers be in arithmetical p n, the ſum of the ex- 
tremes will be equal. to the ſum of any two means that are equally diſtant from the extremes. 
Thus 3. 6. 9. 12. 15. 18; 3+18=6+15=9+12. 
Lemma 3. Every ſeries of numbers in arithmetical progreſſion, is compoſed of the 
ry ee difference, ſo. often repeated, as there are terms in the progreſſion, 
except tne — | | | 
— — 1. In any ſeries of numbers in arithmetical progreſſion, the two extremes 
and the number of terms being given; to find the ſum of all the terms. Rule. 
Multiply the ſum of the extremes by the number of terms, and divide the product by 2, 
the quotient will be the ſum of all the ſeries. 


Ex. 1. To find the number of ſtrokes a clock ſtrikes in one revolution of the hand, 


or in 12 hours. 
The firſt term is 1, and the laſt 12, the ſum 13 of the extremes. 
The number of the terms is — 12 the hours. 
| 2)156(78 the number of ſtrokes required. 
Ex. 2. Suppoſe 100 ſtones placed in a line, exact a yard aſunder; how many 


miles muſt he go that gathers up that number, one by one, into a baſket, which is placed 


at a yard from the firſt ſtone. 

In the ſolving of this queſtion, obſerve that the firſt term is 2, and the laſt 200; for the 
man being at.the baſket, muſt go a yard to the firſt ſtone to take it up,.and a yard back to 
put it into the baſket, and the like of all the reſt. Hence | 

2 +200 =202 the fum of the extremes, which multiply 
by o the + of the number of terms, | 
The anſwer is 10100 yards, which is 5 miles and 1300 yards, that he muſt walk to gather 
the ſtones, or 5M. 5F. 36P. 2Yds; 

Ex. 3. Suppoſe a debt to be diſcharged by weekly payments, the firſt payment to be 
10s. the ſecond 138. the third 20s.. and ſo on to the end of 52 weeks; what is the whole 
debt to be diſcharged ? 

To find the laſt payment. 5 x 51 +10=265s, = 13]. 5s. the laſt payment: 
To find the ſum of all the payments. 10 +265 x —=275 x 26=7150s. 
The whole debt is - - HR = =... r 10 
To divide a No. into two parts in a given ratio. 

General method. As the ſum of the terms of the ratio, is to either of the terms of that 
ratio, fo is the given number, to the part of it of the ſame kind as that of the ratio. 

Ex. To divide 100 into two numbers in the ratio of 3 to 4. As 7 : 3 :: 100: 427 anſ. 

Hence the greater part will be 57 


| Note,, When numbers are compared by their exceſſes, it is called Arithmetical; but compared according, 
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to the ir ratios, Geometrical, 
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ARITHMETICAL THEOREMS. 


r Er, be the firſt term, e the common — the * term af we — n the number of 
terms, and s the ſum of all the terms. | 


"I > a + cl > 22 ; yr? * &c, are the = mo terms. Frow whence we have Furry 


=4 T newt =y (Theo, 1. 


. If the 


ſeries begin with e, then 2 =% Alſo = =. © is Ha 3. „442 Ben "HY 1. is Theo, 4, 


Alſo ri EX: is Theo. 5. Likewiſe I ene is Tiidaſoin % 9! 


[ 


SerIiEs, with Theoretis for their Summation. 


1. Series 14141, &c. or 24242, &c. or 1244555 to x terms, then ang. 
n ** 


2. 1+24+3+4+5+ ton, terms. Theo. 7. 8 * * 25 rd then 1 


Note, In this ſeries the laſt term yu, the number of terms. 


3. 1+3+5+7+9+11, &c. to, terms. Theo. 8. * . Let #100, then looo. Thus 142 
+ 3, &c. to n, terms; and of 142 73, bc, to n—1,. terms. 


WOE 


4. 1+4+7+10+13, &c; to , terms. Theo. 9. * 4 


ze. the ſum is =5= 14950- 


— = Let z=100, then * = 10090, and 


This feries 3 is compoſed of the third to a, terms; and of the fecond to n——r, terms. 
$.1+5+9+13+17+21, &c. to 2, terms. Theo. 10. * 1 — X#==5, (which in this) is = 


GEOMETRICAL 0 


HEN a ſeries of numbers increaſes by a common multiplier, or decreaſes by a com- 
mon diviſor, thoſe numbers are ſaid to be in geometrical proportion continued, 

As 1. 2. 4. 8. 16. 32 . 64. 128 . 250 , 512, &c. 

3-9 . 27 . 81 . 243 . 729, Kc. here 3 is the common multiplier. 
„ 16 8. 4 2. 1, here 2 is the common diviſor. 

Def. 1. The former quantity is called the antecedent, and the following quantity the 
conſequent. As intheſe 2: 4 :: 4: 8. Here 2 is the antecedent, and 4 is the conſe- 
quent terms of the firſt ratio. 

And 4 is the Leeb and 8 its conſequent, i in the ſeoond ratio. Alſo 2 428 
and 2: 3 :: : 153 Ln > eee eee 
other A to its conſe uent. 

The ratio of 2 to 4 is the ſame as 8 to 16, which is 1 to 2. But the ratio of 2 to 3 
is 1 12, or 1 to 11. And the ratio of 24 to 20 is 15 to 1, or 6 to 5 

Lemma 1. If three numbers ate proportionals, che amy, or product of the two 
extremes, is equal to the ſquare of the mean, or middle term. Thus 2 x 8= 4 x 4- 

Lemma 2. If four numbers be proportionals, the product of the two extremes is 
equal to the product of the two means: For 2 : 3 :: 12 : 18, and 2 x18=3 x12=36. 

Corollary 1. If the product of any two numbers be equal to the product of any other 
two numbers, thoſe four numbers are proportionals. 


To find the method of ſummation of other various kinds of Series, ſee Simpſon's Algebra. p. 181, 
Emerſon's, Landen's Lucubrations, Stirjing's Differentials, &c. 
Whencg 


E 0) 


Whence it is eaſy to conceive, that if ever ſo many numbers are in continued proportion, 


the product of the two extremes will be equal to the product of any two means, that are 


equally diſtant trom the extremes. 

In every ſeries of continued ,proportionals, that number which is compared to another, 
is called the antecedent of the ratio, and that number to which it is compared, is called 
its conſequient ; conſequently all the terms of numbers, but the firſt and laſt, are both antecedents 
and conſequents; that is, all but the laſt are antecedents, and all but the firſt are conſequents. 

As in theſe 2: 6 :: 6 : 18, here 2 is the antecedent, and 6 its conſequent ; and 6 the 
middle term is antecedent to 18 its conſequent. Whence it appears, that in every ſeries of 
continued proportionals, all the middle terms between the firſt and laſt are both antecedents 
and conſequents. 


Alſo all the terms except the laſt are antecedents ; and all the terms except the firſt are 
conſequents. wk L 03261 

Lemma 3. If ever ſo many numbers are proportionals, it will be, as any antecedent is 
to its conſequent, fo will the ſum of all the antecedents be to the ſum of all the conſequents. 
(By the 12. of Euc. 5th Book.) 

When the conſequent term exceeds its. antecedent, then any conſequent, divided by its 
antecedent, gives the ratio of the terms to each other increaſing. Thus 3: 4 18 4= 1+ *.* 1 to 14, 

But when the antecedent exceeds its conſequent, then any antecedent divided by its conſe- 
quent gives the ratio of the terms decreaſing. Thus 5 to 4 is j= 1+ *.* 1+ to 1 the ratio. 


To find the Sum of a Series of Geometrical Proportionals. 


TNA 0H" I NE.-£ 
Muitiply the laſt term by the ratio, from the product ſubtract the firſt term; divide the 
remainder by the ratio leſſened by 1, and the quotient will be the ſum of all the ſeries. 


But if the firſt term, the common ratio, and the number of terms be only given; then to 
fnd the laſt term. 


JC EM - - ls 


Multiply the ratio raiſed to the power of the number of the terms leſſened by 1, by the 
arſt term, and the product is the laſt term. 


Ex. 1. Let 3 be the firit term, 2 the ratio, and 6 the number of terms; then 
6—1=5, and 2x2x2x2x2=32 the ratio raiſed to the 5th power. 

zZ the firſt term. 

Product 96 the laſt term. 


Ex. 2. To find the Sum of the 6 terms, 3, 6, 12, 24, 48, 96. 
By Theo. 1. 96 x 2= 192 


| —3 
. 2—-1=1)189(189 the ſum of all the terms. 

In a long ſeries of proportionals, to find the laſt term by the foregoing method is very 
tedious ; therefore it will be proper to ſhew how to obtain the laſt term, or any other term, 
without producing all the terms. | | 

In order to which it will be neceſſary to premiſe the ſimilitude between numbers in arith- 
metical progreſhon, and thoſe in geometrical. 

If to any ſeries of numbers in continued proportion, whoſe firſt term is 1, there be 
aligned a ſeries of numbers in arithmetic progreſſion, beginning with a cypher, and the 
common difference 1, which are called indices or exponents, 


- 


Thi 0+ 1.4» 3+ 45-4; &: 7, indices, 

11 . 2. 4. 8. 16. 32 . 64 . 128, geometrical progreſſion. 

But if the ſeries do not begin with 1, then put 1 over the firſt term of the geometrical 
ries, &c. as follows: 


TTT C 
Series. aaa. Z i „ + 90--. 199 « ee. 
Geom. 3.9 27 81 - #49 729, &c.. 
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The addition (or ſubtraction) of any two indices will correſpond with the product (or 

quotient) of their reſpective terms in the geometrical ſeries, when the firſt, or ſecond term 

is the ſame as the ratio of the terms. But in the ſeries 3. 6. 12. 24, &c. where the 

firſt term 1s 5 and the ratio of the terms 2, in this ſeries the indices muſt begin with o, 

and then the ſum of any two indices will correſpond with the product of the reſpective terms, 
divided by the firſt term. 


„ ? ſ2+3=5 indice. 


.eu 1 * the fifth term. 
J 


20 * 40 


5. 10. 20. 40. 80. 160 = 4 * 40 160, &c. of any other. 


5 
Ex. 3. Let the Series be 2: 3, whoſe ratio is 1,5; and let the ſum of the firſt 7 terms be 
© x 2 4 $ 6 


3 7 
required. Thus 2 . 3 . 4.5 . 6.75 . 10.125 . 15.1875 . 22.78125. 34.171875; firſt, 
to find the th term by having the firſt four terms given. Indices 3 +4=7. Correſpondents 
10.125 x 6.75 = 68.3437 5, which divided by the firſt term (2) gives the 7th term = 34,171875, 
And by Theo. 1. 14 * 34-171875=51,2578125 
2, the firſt term. 


15 —=1= .5)49.2578125(98.51 5625 the ſum required, 


GEOMETRICAL THEOREMS and SERIES. 


LET a, the firſt term; r, the ratio of the terms; , the number of terms; x, the laſt term; and g, the 
ſum of all the ſeries of terms. 
By the foregoing principles are deduced the following Theorems. 
As @a: ra: - . 4, — 5 
r 


—1 


Theo. 1. ar r. When the firſt term is o, or 1, then x the laſt term. 


Theo. 2. r=—— Let 3. 6. 12. 24 . 48 . 96 . be the Series. Where a=3; r=2; nb. To 


find x and s Thus, r* x a= 32 * 3=96=x, And rx—a=96 x 2—-3=1R8g=5, 
Theo. 3. am=$+ramrs. 


4 a A — | 
Theo. 4. x=5——xX—=axXxr . 
r 4 
LE, mand ar — or — ar ar — 242 
Theo. 5. 42 — = x — X * 
omen 71 Foo] 2 —q 


Let 1. 3.9 . 27 . 81 . 243, be the Series, to find x and 5. 
Then 1 x 35 =243=x. And 3 56. 


In decreaſing Geometrical Series, call the firſt term the laſt ; and the laſt the firſt: Then the above Genera! 
Theorems will give the ſolutions. | 
Note, From Theo, 1. way be deduced the following 


X 
Theo. 6. 42 
A 


r 


x 
— * 5 
And ſince —1 ==. Theo. 7. 1 2 n—1 ; alſo becauſe Ir I Per fir, 


| l. xl. L. x— : 
. Theo. 8. . +1. — =+ 1, where L. or I. denotes the logarithm, 


And l. 1 1 r. Thus l. 1 l. of 243=2, 5856+. 
1-125) 
3 — 7 Abel BY 


Alſo ane 2 2 — 288 _ * — 0 — 
* eee, - 5112 — 7 


See Sherwin's Logarithms, p. 13, 14, 15. 


„ 
Of LOGARITHM Ss. 


[Oc are artificia Inumbers, which numbers are diſpoſed into tables, and 


placed againſt their natural numbers, in their natural order, from 1 to 10000, in moſt of 


the Books of Navigation ; in Sherwin's and Gardiner's Tables, from 1 to 100999; and in 
Dodſon's Anti-logarithmic Tables to 12 places. The firſt column contains the number, and 
the ſecond its correſponding logarithm. In the above mentioned Books the method of the 
conſtruction of logarithms is delineated. Alfo in Simpſon's Trigonometry. 

Note. That num. denotes number; log. logarithm; logs. logarithms. The nature of 
logarithms are ſuch, that the ſum of any two logarithms correſponds with the product of their 
natural numbers; that is, the ſum of any two logarithms ſtands againſt that number 
which is the product of thoſe numbers, anſwering to the two given logarithms, 


Thus the logarithm of - - = 1 is 0,000000 
Ditto of - - - - - 2 , 301030 
Ditto of - - - - 3=0,477121 

The logarithm of 2 x 2 is the log. of 4, which is = 0,602060 


The log. of 10—log. of 2, is the log. of ß 5 =0,698970 
The log. of 2 log. of 3, is the log. f — 6=0,778151 
The log. of 7 is found by the method that the numbers 2 and 3 were found by; and all 
prime numbers have their logs. obtained by the ſame method. (See the following page.) 
By which the log. of - - - — 70, 848098 
The log. of 2 J log. of 4 is the log. of - - 8 =0,903090 
The log. of 3 log. of 3 is the log. of — 90, 954242 
The log. of - - - - - 10=1,000009 
I00= 2,000000 
1000 = 3,000000 
10000 = 4,000000 
By this conſtruction of logarithms the index of all numbers from unity to 10 is o; from 
10 to 100 is 1; from 100 to 1000 is 2; and from 1000 to 10000 is 3, and ſo on. 


— 


The log. of 2 bein - o, 301030 The log. of 3 being 0, 477121 
The log. of 4 will be - ky es The log. of 9 will be - 04954242 
The log. of 8 will be ©,903090 The log. of 27 will be - 1,431363 
The log. of 16 will be - 1,204120 |. The log. of 81 will be 1,908484 
The log. of 32 will be - 1,505150 The log. of 243 will be - 2,33 5005 
The log. of 64 will be - 1,806180 || The log. 5 being 23, 698970 
The log. of 128 will be - 2, 107210 The log. of 25 will be - 1,397940 
The log. of 256 will be - 2,408240 The log. of 125 will be - 2,096910 
The log. of 312 will be - 2,709270 The log. of 625 will be 2,795880 
The log. of 1024 will be 3,010300 The log. of 3125 will be 3,494850 
The log. of 2048 will be 3, 311330 || The log. of 15625 will be 4,193820 
&c. of the tollowing numbers. 


The CONSTRUCTION of LOGARITHMS. 


BY Simpfon's Trigonometry, p. 45. alſo by the Appendix to Cunn's Euclid, p. 376, and 
following pages, where the hyperbolic log. of 10 is 2,302585093, &c. And its reciprocal 


= 


3 50 ON ,43429448, which is the ſubtangent of the curve expreſſing the common lo- 


garithms, from the double of ,43429448, which is ,868 58896 ; The logarithms of all the 
prime numbers may be obtained, as follows: = 
1. 10 


— 
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1. To the number whoſe logarithm is required, add its next leſs number, and reſerve the 
ſum. 


2. Divide o, 86888896 by the reſerved ſum. 

3. Divide the quotient by the ſquare of the ſum; and fo on dividing the quotients by the 
ſquare of the ſum ſo long as diviſion can be made. 

4. Write the ſeveral quotients under each other, in their natural order, and divide thoſe 
quotients by the odd numbers 1, 3, 5, 7, 9, 11, &c. reſpectively: Write theſe quotients in 
order under each other, and their ſum will be a logarithm ; to which add the log. of the next 
leſs number, and the ſum will be the log. of the number ſought. 


Ex. 1. To find the log. of the number 2. Now 2 +1 is 3 the ſum. 

3 | 0,86858896! The quotients. : 

9 | 0,28952965 = 1. is „28952965 jp - 

9 | 0,03216996 - 3. is ,01072332 | x 

9 | 0,00357444 + 5. is ,00071489 =: 

9 | 0,00039716,+ 7. is ,00005674 ©: 

9 | 0,000044 1: 3 9. is ,00000490 | fe 
9 | 0,00000490 = 11. is ,0000004 4. 2 
9 | 0,000000 54 + 13. is ,00000004. | 

9 | === - gj+15.i8,.-- 0 | a \ 
The ſum is the log. of 2 0, 30102998, becauſe the log. of 1 is 0,00c00000. 
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Ex. 2. To find the log, of 3. Now 3+2 is 5 the reſerved ſum. The ſquare of the 
ſum is 25. ; 
_5 | 0,86858896 | The quotients. | =_ 
25 | 0,17371779 | 1) is, 17371779 4 l 
25 [O, 06948713) is 0,00231624 = ' 
25 | 0,00027795 | 5)is 0,00005559 2 
25 | 0,000011118! 7) is ©,000001 59 
25 | 0,00000044 5] 9) is 0©,00000005 
25 | 0,000000018/11) is ©,00000000 

To this log. - - , 17609126 
Add the log. of- 2 , 30102998 
The ſum is the log. of 3 0,47712124 And the like for the logs. of all prime num, 


The Nature and Uſe of the TABLE of LoGARITHsS. 
THE firſt figure of a log. or that on the left hand of the point, is called the index, or 


characteriitic; which, if it be affirmative, always ſhews how many places of integers the Wl . 
number has in it; and the index is always one leſs than the number of places of whole = 
numbers. If the index be negative, it denotes what place of decimals the firſt figure of the ll , 
number ſtands in; fo the index always ſhews the diſtance of the firſt figure from the place : 

of units, 


Thus 


all 


| Numbers, | Logarithms. 
Thus the log. of 1507 is] 3,178113 
1006 3,002 598 


if the index be o. It ſhews there is to be one of the 


100 2, 000000 places a whole number. 
1000 | 3-000000 If it be f two places 
LS $993427 7 Hf n places {whole numbers, 
ey „ͤͤͤ ð ̊ Gt 3] four places 
90,1 1959110 If - - - II there will be five places of figures 


1595 0,845189 to be whole numbers, and ſo on. 
543 0,724270 as LAT 
0,75 ]-1,875061 
0,08 [=2,903090 | 
The logarithm of any number that does not exceed four places of figures is found at * 
'n the Books of Navigation, in the Table; and in Sherwin's Table of Logarithms, to five 
places z but if the number of places exceed four *, the proportional part of the log. muſt 
be found. As for Ex. ſuppoſe the log. of 54037 be required. Find the log. of the firſt 
four figures, with a cypher in the place of the other figure, viz, 
The log. of 54030 is 4,732635 
Ditto of 54040 is 4,732715 
Diff. of numbers 10 of logs. 80 
Now ſay, as 10: 80 :: 7 : 56, to the log. 4,732635 
Add the proportional part: 50 


The log. of 54037 is 4.732691 


To find the Logerithm of a Number that conſiſts of 5, 6 or 7 Places of Figures. 


Find the log. of the firſt four places with cyphers, to which log. prefix its index; and 
find the log. of the next greater number, and their difference; then by the Rule of Three 
liy, as the difference of the numbers is to the difference of the logs. fo is the refidue of the 
tzures of the firſt number to the parts of the log. correſponding. 

Ex. Let it be required to find the log. of 597698. | 
The log. of 597600 is 5,7764106- 

Ditto of 597700 is 822254833 


| Difference 100 and 727 

ls 100 : T4352 98 1 712 | Now to the log. OEM 5,7764106 

98 6 Add the proportional part 712 

5816 The log. required - - 5,7764818 
712,40 


A Logarithm being given, to find the correſponding Number. 
Find the log. or the neareſt thereto, in the column of logarithms, and againſt it ir the 
column of numbers is the no. thereof; and its index will ſhew how many places of integers 
tne number conſiſts of. Suppoſe the given log. be 3,174861, the no. is 1408. If the log. 
de o, 9095690, the n'. is 8,124. If the log. be --1,796488,, the no. is ,6259. If the log. 
e 2,796488, the no. is „06259, &c. of any other. 8 


To multiply Numbers together by Logarithms. 


Find the logs. of the given numbers, which ſet under each other; then add them together, 
and find the ne. correſponding to the ſum, which is the product of the numbers. 


Ex. Muliiply 97 = 1,986772 Multiply 7663= 3,884399 
by 79=1,897627 by 20622228181 
Product 2663 3, 884399 Product 459,8 = 2, 662 550 


* By the common tables. 


Multiply 


( 22 ) 
Multiply 7014 and 67,58 and 4007946 together. 
Log. of 7014 is 3,945966 
of 67,58 is 1,829818 
of ,097946 is -3, 900 148 
Product 376,463, 575932 
To divide one Number by another. 
Subtract the log. of the diviſor from that of the dividend, find the 1f, anſwering to the 
remainder, and it will be the quotient, which is the anſwer, by 
Ex. Divide 968,7 by 5,17. The log. of 968,7 is 2,986189 
Ditto of 5,17 is 0,7143490 
The quotient 187,4 = 2,272699 


To find the Square and Cube of Numbers, and to extract Roots, 
What is the ſquare of 27,8, and what the cube of 9,017 ? 


The log. of 27,8 is - - 1, 444045 Log. of 9,0 17 is - - o955c62 

Index of the power mult. by - 2 Index of the power mult. by 3 

Its ſquare - - - - 772,8 =2,888090|Its cube - - 7433,1=2,865186 
What is the ſquare root of 2, and what is the cube root of 3 "1h 98 

The log. of 2a is , 301030 Log. of 3 is o, 477121 

3 wie why ure | 03150515= 12414 + theroot| 2! by 31594159949 = 1,443—the root 


Of the TaBLE of Six ES and TANGENTS. 


THIS table contains the logarithmic fines and tangents of every degree and minute of 
the quadrant. 

Note, The ſine or tangent of any arc or angle, which is leſs than 90%, is alſo the ſine or 
tangent of the ſupplement of that arc or angle to a ſemicircle, or 180% Some tables 
contain fines, tangents, and ſecants of arches ; but as the ſecants are readily obtained from 
the ſines ; for which, and their little uſe in practice, they are omitted in many books: For 
the ſecant of an arc is the complement of the coſine of that arc to 20. | 

Let it be required to find the ſine, coſine, tangent, co-tangent, ſecant and co-ſecant of 

81%. 39. and of 1290. 47. 


Arc of 319. 397 on ſine is 9,995372| Arc of 129%. 47' * ſine 9,8838627 
or of 98. 211] coſine 8, 162025 or of 50.13% col - 9, 806163 
ſecant - 10, 837975 ec. 10, 193897 

co- ſecant 10, 004628 co- ſec. 10, 114373 

tangent 10, 833346 tan. 9911724 

co-tangent 9, 166654 co-tan. 10, 08327 


To find readily the Complement Arithmetical of a Logarithm. 


The complement-arithmetical of a logarithm, is the reſidue of that logarithm to 
10,00000 or 20,000000,* as the complement arithmetical of 9,9198464 is o, 801336; for 
if you ſubtract 9,9 199464 from 10,0000000, the remainder is o, 80 1536 the complement 
arithmetical. But a readier way is to take the reſidue or remainder of the firſt ügure to 9, 
and fo of the reſt until you come to the laſt figure, which take from 10, beginning at the 
left hand; thus to take the complement arithmetical of 9,9 198464. | 

From 9,9999990 
ake 9,9198464 
Remains 0,0801536 the complement arithmetical. 


* Note, The ſum of the logs. of the tan, and co tan. of any are is 20. When the index of a tan. is 
20, or more, ſubtract it from 29, | Fe 
40 


f 


= vw 2 — 
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To find the Complement Arithmetical of the Logarithm of a Number, Sine, Tangent, 
or Secant. 


This may be done by writing down what each figure wants of 9, beginning at the leſt 
hand, and what the laſt figure wants of 10; otherwiſe the co-ar. or complement arithmetical 
of a line is the co-ſecant; the radius 10 being deducted, and the co-ar. of a co- ſine is the 
ſecant thereof leflened by 10. The co-ar. of a tangent is its co-tangent; and of a co- 
tangent, its tangent, The co-ar, of a ſecant or a co-ſecant is what it wants of 20. 

of the co-ar. of the ſine of 40? . 40 is 0,1859808 
of the co-ſine - of 40. 400 is o, 1200366 
of the tangent - - of 40%. 40“ is 10, 0659441 
of the co-tangent of 49? . 40“ is 9,9340559 
of the ſecant - of 40* . 40' is 9,8799634 
of the co-ſecant of 40? . 400 is 9,8140192 


To And the Natural and Logarithmic Sine, Coſine, Tangent and Co-tangent of any Arch 
or Angle. 


Let 10000000000 be the natural radius of the table of ſines, whoſe index is 10, and 
is log. 10,000000, for the ſine of go®, which is the greateſt of all ſines; conſequently the 
index of the fines of all angles, both greater and leſs than 90, will be leſs than 10, becauſe 
tae next or neareſt number lets than the radius, will have one place in n?. leſs than the radius; 
therefore its index will be g. 

Thus 3 the radius is Sooo ooo ooo Index q, log. and, 698970 the log. ſine of 309. 

Natural {inc of G 8660 254 000 will be 9,937518 the log. ſine of 609, 

Natural tan. of 40? 5773, 503 coo will be 9,761439 the log. tan. of 309. 

Natural ton, cf 60 17320 508,000 will be 10, 238 549 the log. tan. of 609. 

Natural tan. of 75*= 37320 588 000 will be 10,5719475 the log. tan. of 7 52. 

Natural tan. of 85 114300 520 c00 will be 11,0580482 the log. tan: of 8 5®.. 

Note, The line or tangent of any arch or angle which is lets than go?, is alſo the ſine and 
dar gent of its ſupplemental arch, to 1809. 

lence the fine of 0? . 30“ is alſo the s. of 179. 300; and of the 1? .. oo“ is the s. of 1793: 
an the s. of 1“ and minutes to 25, in the table, may be annexed to 178 and 1819 as the 
ſin of 1? and the minutes, approaching from 19 to 25, have their ſines increaſing; and the 
lincs ot increaſing arches in the ſecond and fourth quadrants decreaſe, as they increaſe in the 
firſt and third from o/ to 9®o, and decreaſe from go? to 1809, where the ſine becomes o. In the 
third quadrant they increaſe from 180? to 270%, and at the beginning of the 4th they 
begin to decreaſe, and ſo continue to o, where they began. 

Note, The logarithms of the natural numbers are — from the table of logarithms, and 
applied to the index of ſines and tangents as above. 


The correſponding Sines and Tangents of the Degrees of che Arches of a Circle, 


CE — 


Arches, | Degrees. | Nat. Sine. | Log. Sine. 
180% 180 360 0,000000 | 0,0000000 | 
179 | 181 | 359 | 0,174524 | 5,2418553 
170 | 190 | 350 | 1,736482 | 9,2396702 
160 | 200 | 340 | 3,420261 | 9,5340517 | Note, The iſt and 4th columns con- 
150 | 210 [330 | 5,000000 | 9,6989700 tain the numbers which are the ſup- 
140 | 220 | 320 | 6,427876 | 9,8080675 plement to each other; and the like 
130 | 230 | 310 | 7,660444 | 9,8842 540 of thoſe in the 2d and 3d columns. 
120 | 240 | 300 | 8,660254 | 9,937 5306 
110 | 250 | 290 | 9,396926 | 9,9729858 
loo | 260 | 280 | 9,848078 | 9,9933515 
90 | 270 | 270 [10,000000 [10,0000000 


The 
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Fig. 22. 
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The natural fines of the degrees and minutes being obtained, the logarithms of thoſe 
natural ſines are the log. fines as in the table of fines; and the log. tangents are the logs. of 
the natural tangents, &c. of ſecants and verſed fines. Hence if the log. ſine or tangent be 
given, the natural number of its log. is its natural ſine, tangent, &c. | | 

In Sherwin's Tables of Logarithms there are the natural and artificial fines, tangents, 
ſecants and verſed fines, to each degree and minute of the quadrantal arch. 


PLANE TRIGONOMETRY. 


1. DLANE TRIGONOMETRY is the art of finding the ſides or the angles of plane 
triangles, by having given any three parts of the triangle (except the three angles.) 

2. A plane triangle is made by three right lines, which are called its ſides; and if one ſide 

be perpendicular to another, or make a right angle with it, then it is called a right angled 


triangle; but if it have no right angle, it is called an oblique triangle. 


3. The circumference of every circle contains four right angles; and each right angle is 
ſubtended and meaſured by an arch of 90; an acute angle by an arch which is leſs than 
90; and an obruſe angle by an arch which is greater than 90. See def. 2. of a circle, in 
P- 2. of Geometry. 

4. In a right angled triangle, the fide oppoſite to the right angle is called the hypothenuſe, 
and the other two the legs, or ſides, or the baſe and perpendicular; and the bate is that fide on 
which the triangle is ſuppoſed to ſtand. | 

5. In all plane triangles, the ſum of the three angles contain 180, or two right angles. 

6. Every triangle has ſix parts, three ſides and three angles; and the fides are denoted or 
eſtimated by meaſures of length, as feet, yards, farhoms, poles, furlongs, miles, &c. The 
angles are eſtimated by circular meaſure, in degrees, minutes, ſeconds ; and for adoption of 
theſe circular meaſures of angles, there are computed, and put into tables, the lengths of 
certain right lines of a circle, fuch as fines, tangents, ſecants, verſed fines, &c. to each 
degree and minute of the quadrantal arch; and in Gardiner's Log. Table, to each ten ſeconds 
of a minute ; by which lines of the table 1s formed a triangle ſimilar to every triangle (whoſe 
ſides are given) that can be propoſed. | 

The names of the different lines and parts in and of a circle, are defined in p. 2 and 3. of 
the foregoing Elements of Geometry. 


T- 4 3 0:RE-M- I 

In every right angled plane triangle, any one of the three ſides being made radius, and a circle 
deſcribed from one end of it as a center, the other two ſides will be, or repreſent fines, tangents, 
and ſecants of their reſpective angles: Then it will be, as any one fide is to what it repreſents 
in the table “, ſo is any other ſide to what it repreſents in the table (of log fines and tangents). 

In the triangle ABC, right angled at B, on the point A deſcribe the arches BE, CD. Then 
if AC be the radius, AB is the fine of the 2 C, and BC is the ſine of the 4 A. 

If AB be the radius, BC is the tangent of the 4 A, and AC its ſecant. 

And becauſe the fines, tangents and ſecants of the angles theſe ſides repreſent, may be 
found in the tables ®, and that they form a triangle ſimilar to the given triangle. Whence 
rad-: AC-:: «6 4 :; : AB 

Alſo, tad. : AB. :: t. A: N, :: ſec. A: AC. 


r 
The ſides of every plane triangle are proportional to the ſines of their oppoſite angles. 
In the triangle ACB, on AB, and on AC continued, let fall the perpendiculars CD, BE; 
then (by Theo. 1.) AC: CD:: R: 5, A. 
Ang CD: CB :: 8 : 3, 


Note, 2, A denotes the fine of the angle A; t, C the tangent of the angle C; R. or rad, for radius. 
| ® Tables of Logarithms, 


Therefore 


( 25 ) 
Therefore by compoſition and diviſion we get AC: CB :: s, B: s, A, which were to be 
demonſtrated. 
Again, AB: BE:: KR : 5, A. 
And BE : BC :: s, C: R. Whence, as before, we get 
A: :: e $4; QED. 


Two Sides, and the contained Angle being given, to find the other angles. 


T HR 

As the ſam of any two ſides, is to their difference, fo is the tangent of half the ſum of their 
oppoſite anoles, to the tangent of halt their difference. ; =” 

bet ABC be the triangle; AC, BC the ſides oppoſite to the angles required; make Fig, 23. 4 
CD = CB, draw BD, and draw BF and DE perpendicular to it. Then AF AC CB the 
{im of the ſides, and AD= AC -C the diff. of the ſides. 

Dem. Becauſe the £4 CBD is = the 4 CDB, having equal ſides (Theo. 8.) and the 
: \ +ABC= 4 CBD + CDB, thoſe having the 4 C, their common ſupplement to 180?, 
or two right angles. Whence the 4 DBC is = + the ſum of the angles oppoſite to AC, BC. 
Allo, the 4 ACB is the difference of the angles A and ABC; for the E B is a right ; and 
the C is double tothe 4 ABD, both ſtanding on the ſame arch BD; (See Theo. 9.) therefore 
5 the Z ABD is 3 the difference of the 4 E A and B. And becauſe DE is parallel to BF, it 
E will be as AF : AD :: BF: DE. But the 4 4 ABC and BDE are right angles; there« 
þ fore BF, DE are tangents of the Z 4 BDF and DBE to the radius BD. Q. E. D. 

Note, Inſtead of the tangent of + the ſum of the oppoſite angles, you may take the 
co-tangent of 4. the included angle, which is equal to it. 
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The three ſides of a triangle being given, to find the angles. 


CCC EM IY; 

In any triangle, if a perpendicular be let fall upon the greateſt ſide, it will be, as the 

aſe or greateſt ſide, is to the ſum of the other two ſides, ſo is the difference of theſe two 
{:4es, to the difference of the ſegments of the baſe. And the ſum of + the baſe, and + 
the difference of the ſegments, is the greater ſegment z and the diff. of the + ſum and the + 
<1Terence of the ſegments is the leſſer — 

Lemma. The ſum and difference of two quantities being given, to find the quantities. 

Let x be the greater, and y the leſſer of the quantities whoſe ſum is , and diff. = d. 


az . 


f 
'#4 
”, 
tu 
11 
1 
| 
0 
+ 
& 


Then xs 
2x 1d, and $=——+ 
2y =s—d, and net. 


2 
hence ; the ſum added to + the diff. is = the greater quantity or number and : the dif. 
taken from half the ſum, is the leſſer quantity or number. | 

Dem. In the triangle ABC, the baſe or longeſt ſide is AB, the ſum of the other two ſides Fig. 24. 
is AG = ACA CB, the diff. of AC, CB is AH, the ſegments of the baſe are AE, EB; their 
difference is AF, (By Theo. 15.) AB x AF= AG x AH. Therefore AB: AG :: AH: AF; 
that is, the baſe, is to the ſum of the ſides, as the difference of the ſides, to the difference of 
the ſegments of the baſe. For EB = EF, and AF is the difference of the ſegments. Q. E. D. 

Let AD be = DB, then + AF = DE, which is + the difference of the ſegments, 

Now AD +DE=AE, the greater ſegment; and DB DE EB, the leſſer ſegment. 
Conſequently, to get the ſegments of a ſide, add and ſubtract the ; diff. of the ſegments to 
and from + the length of the ſide ; the ſum will be the greater, and the difference will be 


the leſſer ſegment, | 


(90 
ELEMENTS of PLANE TRIGONOMETRY. 


Fig. 1, 2, YN right angled plane triangles, any fide being made radius, or ſemidiameter of the circle 
5" the other two will be fines, tangents, or ſecants, as in the figures 1, 2, 3, of Trigonometry. 


AR Ticks and Rurzs to be obſerved in forming PRorokrioxs. 


1. In any right angled plane triangle, if two angles and a fide he given, then the angle 
oppoſite to the given ſide muſt be the firſt term; the given ſide the ſecond term; the angle 
oppoſite to the ſide required the third term; and the ſide required will be the fourth term. 

2. If an angle be required, then the fide oppoſite to the given angle will be the firſt 
term; the given angle the ſccond; the other given fide the third term; the angle oppoſite to 
it will be the fourth term. This method of compariſon is called the direct method of 
comparing oppoſites. Thus * when an angle is required, begin the proportion with a 
ſide, which is oppoſite to a given angle; but when a fide is required, begin with an angle, 
which is oppoſite to a given fide. 

3. When two ſides are given, and the angles required, the unknown fide cannot be made 
radius; but when the angles are known, and a fide, all the three ſides may be made radius, 

as will appear by the following proportions. Note, that the ſides of triangles have the 
Peſ. 22. ſame ratio * to each other, as the fines of their oppoſite angles; and conſequently the 
firſt and ſecond terms may be ſides, or angles; then their oppoſites will be the third and 
fourth terms. 
4. When the baſe and perpendicular are given, to find an angle; ſay, as the baſe is to the 
perpendicular, ſo is the tangent of 45% (=R=10), to the tangent of the angle which is 
| oppoſite to the baſe ; which angle is commonly called the vertical angle. 
5. Always compare the ſide made radius, with the radius of the tables, (that is with the s, 
| of go?, or the t. of 45%; which is always 10.) or compare the rad. to the {ide made radius, 
| 6. To find the fourth term. From the ſum of the logarithms of the ſecond and third 
terms, take the logarithm of the firſt, the remainder will be the logarithm of the fourth 
| term ; if the fourth term be a ſide, find in the logs. of numbers, the neareſt log, to that of the 
fourth term, and againſt it in the column of numbers will be the number fought. 
| But when the fourth term is an angle, find in the logarithms of angles, the degrees and 
minutes which correſpond neareſt to the log. of the fourth term. See the examples below. 


— —— m— — gow — _— 


Fig. A. In the triangle ABC, are given AC=50; AB=4o, and 4B=9oY.. 
To find the 4 C, by Trigonometry. To find BC, begin the Proportion with an 2. 
iſt. term, As AC 50 = 1,69897 As fine of 2B - = 10,00000 
2d. : s, 4B 90 = 19,00000 : AC 50 - = 1,69897 
gd. :: AB - - 20 = 1,60206 72 % f 4 A 30*; 527 = 0,77812 


1,47709 


9,90309 30 


Ex. From 9, 999910 


me 19007 | In this ſubtraction, begin at the left hand figure, and take each 


30103 . | | 
2 a from 9, till you come to the laſt figure, which take from 10 


3d do. 1,60206 
s. of 53. 03'=9,90309 the log. of the 4th term. 


Otherwiſe, 


C973 
Otherwiſe, the complement arithmetical may be taken out at ſight for angles; 
The co- ar. of the ſine of an angle is its co-ſecant—radius (10.) 
And the co-ar. of the coſine of an angle is its fecant—radius (10.) 


Alſo the co-ar. of the tan. of an angle is its co-tangent z and of the co-t. is the tangent. 


The ConsTrucTlon of the PLANE SCALE, 


DRAW a line, as AB; and on its middle C, draw the perpendicular CF, and BE parallel Fig. 25. 
o it. Draw the chords AD, BD; divide the arch BD into nine equal parts (by Prob. 8. 
and 15.) and the arch AD into eight, by continual biſection (as by Prob. 1.) ; then with 
one point of the compaſſes in B, transfer the ſeveral diviſions from the arch to the chord, 
which number in like manner with thoſe of the arch. Alſo on A, as a center, transfer the 
diviſions of the arch AD to the chord, and number them. Draw right lines from the center 
, through each diviſion of the arch BD, till they meet with the line BE; which diviſions of 
BE number as the arch is numbered. On the center C, transfer the diviſions from the tangent 
line FF, to the line CF of ſecants, which number accordingly. Draw DG parallel and equal 
to AC, and divide it into fix equal parts (by Prob. 8.); draw GA, and lines parallel to it, 
from the diviſions 1, 2, 3, &c. to touch the circumference, and mark the points; then on 
D transfer them to the chord AD, and number the points of diviſion 10, 20, 30, 40, 50, 
60, for the lines of longitude. | | 

Draw lines from the diviſions of the arch BD, parallel to DC, and number the points of 
diviſion of CB, 10, 20, &c. to 90, for a line of fines of arcs reckoned from the point D, 
towards B. A ruler applied to the point A, and the ſeveral diviſions of the arch BD, will 
give the points of the diviſion of the line CD of half tangents; Whence in the figure is 
obtained the natural lines of one ſide of the plane ſcale, viz, 

AD, a line of rhumbs and longitudes, 

BD, a line of chords, 

CB, a line of fines. 

BE, a line of tangents. 

CF, a line of ſecants. 

CD, a line of ſemi-tangents. 

Together with lines of equal parts are all the lines that are uſually put on one ſide of the 

lane ſcales. 
F On the other ſide of the ſcale are put the artificial lines of ſines, tangents, ſecants, verſed 
lines, and of numbers. Alſo a line of equal parts and of meridional parts; which lines 
are the logarithms of the natural numbers, and theſe are called Gunter's lines, from the 
inventor, VIZ. | 

1. The uppermoſt line is a line of artificial fines of the rhumbs ; they are marked S. R. 
or S. Rhumbs, and numbered 1, 2, 3, &c. to 8, which ſignifies the eight points of the 
compaſs, and they are reckoned from the meridian to the Eaſt or Weſt points of the horizon; 
this will plainly appear by the figure of the thirty-two points or winds of the compaſs. In Fig 2& 
dus line each point is divided into half and quarter points. 

2. The next line is the line of the tangents of the rhumbs, marked T. R. and numbered 
1, 2, 3, 4, towards the right hand, and 5, 6, 7, towards the left; becauſe the tangent of four 
points is equal the tangent of 45%, or radius. | 

Note, that each point contains 11? += 1 15'. and eight points are equal to 909. 


Remark, That the half of every diameter of a circle is a radius, which radius is the fine of go degrees, 
2nd it is the greateſt of all lines that can be drawn within a circie; therefore cach radius of a circle is the 
ire of go degrees; conſequently when we call a right angle the radius, we mean the fine of go degrees. 

Fiencs, as the radius, or line of go degrees is to the hy pothenuſe, io is the fine of another angle to the 
length of its oppoſite tide. 

Now. All tines are lines within a circle, and tangents arc lines without the circle; and ſecants are part 
Witiun and part without. The 
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( 23 ) 

3. The next line is the line of numbers of a double radius, marked Num. and it is num. 
bered 1, 2, 3, 4, 5, 6, 7, 8, 9, and 1, at the end of the firſt radius, where the ſecond radius 
begins; which is numbered in like manner, to 10, at the end of the 2d radius. 

4, 5, 6. The lines following thoſe are the line of fines, of verſed fines, and of tangents ; 
which are marked Sin. for fines; V. S. for verſed ſines; and tax. for tangents, This is the 
laſt of the logarithmic lines. 

The next 1s a line of meridional parts, marked Aer. And the following is generally a 
Line, or lines of equal parts, and marked E. P. 

The particular uſe of thoſe lines will be ſhewn in the following work. 


To reſolve all the Caſes in Tx1G60NomETRY and NAvIGATiox, 


by GUNTER's SCALE. 


THE numbers are to be taken off from the line of numbers ; the ſines from the line of 
fines; the tangents from the line of tangents, &c. 


r 


Set one foot of the compaſſes in the firſt term of the proportion, and extend the other foot 
to one of the middle terms (that is, to the 2d or 3d term); which extent will reach from the 
other term to the 4th term as required. Reckon back ward from go for coſines. 

N. B. That both extents muſt be made from leſſer to greater, or from greater to leſſer 
numbers or degrees. 

Alſo, that the radius of a circle is the ſine of go?, the tangent of 45, which is equal to 
eight points on the ſines, or four points on the tangents of the rhumbs. 

If you are extending from any given angle on the tangents, and the extent reaches beyond 
the line or end of the graduation, you muſt ſer it as far backward as it reaches over; or thus, 
{et one foot on 452, or four points, and note where the other foot falls; then extend from that 
place ” the given angle, and that extent will reach from 455, or 4 points, to the 4th term, az 
required. | 

When in the given proportion one term 1s a ſine, and another a tangent, then reduce one 
of the terms to a fine or tangent, by taking its correſponding diviſion on the ſcale in its line 
right acroſs, and you will have the place and the number required. 


PLANE TRIGONOMETRY. 


T 

H E hypothenuſe, and the angle at the baſe being given, to find the baſe and 
perpendicular. 305 : 
In the triangle ABC, right angled at B, are given AC= 340 yards, 4 A= 134". 34: 


Required, AB and BC. 
To conſtruct the Figure, 


The beſt method is to draw the lines with a black lead pencil, and after that with ink: 
the ſcale of inches is a proper ſcale for the number 340 to be laid down from, on the aper. 

1. Draw a right line, for the baſe of the figure as AB, (with the pencil) of a ſufficient 
length, which onal to be two inches, 


4 


„Prob. 1). 2. With the chord of 60, and one foot of the compaſſes on one end of the baſe, as at 


A, deſcribe an arch de. | | = 
. Take off the line of chords the given angle A 34. 3, and ſet it from d to e, where ; 


S A ſection, (Prob. 2.) 4 Draw 


( 29 ) 
4. Draw a line from the point A, through the ſection e, and make AC = 340, taking it 


from any ſcale of equal parts. 


5. From C, let fall the perpendicular CB, which will cut the baſe line, in the other end 
of the baſe B, and the triangle is formed. 


Solution. By conſtruction, AB meaſured on the ſame ſcale will be found to be 280, and 
BC 192,9 yards. | 
By Logarithms. The angle at the baſe being known, the angle C at the perpendicular 
iz allo known for the ſum of the acute angles of every right angled triangle, is equal to a 
richt angle. (By Theo. 4. of the Elements of Trigonometry, p. 8.) 
Hence from 90. oo! 
Take the ZA 34 . 34 
Remains 4C = 55 . 26 


To find BC, by Trigonometry. (Theo. 1 and 2.) To find AB. 
As Radius - 10,,000000 As R=$,900 - 10, 

: AC 340 - 24531479 AC 340 2, 631479 

: fine 4 A 34. 34 9,7363862 : 8, C55˙.ͤ 26“ 9,9155679 

: BC 192,9 2,2855341 : AB 280 2, 447158 


By Gunter Log. Scale. 


4 


. Extend from ſine 90% to $,34* . 34“, that extent will reach from 340 to 193 on the line 
of numbers. 


2, Extend from $,90 to s, 554, that extent will reach from 340 to 280 on the numbers. 


R 


The kypothenuſe and perpendicular being given, to find the angles is Caſe II. to find the 
baſe is Caſe III. 


In the triangle ABC are given, AC 340, BC 192,9, and 4 B=go®. Required the angles Fig. . 
A and C, and the baſe AB. 


To conſtruct the Figure. 
Ii, Draw a baſe line of a ſufficient length. 


2. On one extreme of the line as at B, erect the perpendicular BC = 192, 9. 

3. Take 4340 in the compaſſes (from the fame line of equal parts that BC was taken from) 
and ſet one foot in C, with the other foot make the ſection in the baſe, at A, and draw 
AC, AB, and the triangle is formed, | 


Solution. By conſtruction, 4 A meaſures 34%. 3o'. Therefore the C mult be 35. 30“, 
uhich is nearly true. : 


And the {ide AB meaſures 280 of the ſame denomination, as AC, BC, whether feet, 
yards, poles, furlongs, miles, &c. as by Art. 6. of the Elements of Trigonometry. 


By Logarithms. 


To find Z A. (Theo. 2.) To find AB. 
As AC 340 2,531479 | As Radius s, 90 10,000000 
Radius - 1T0,000000 | : AC. - 360 2,531479, 
122 192,9 2,28 6341 (by Caſe 1.) 2: 8, C 55% 26“ 9,915046 
: S, LAC. 34 9, 753862 : AB - 280 2,447125 


— 


. 8 £C= 559, 2 0 PRE 


— 


By Gunter's Log. Scalc. 
1. Extend from 340 to 193 in the line of numbers; that extent will reach from-$,90*, to 
$,34z in the line of fines. Whence the angle A being 34*;, the 4 C mult be 55; its comp. 
To find AB. 
2, Extend from s, 90 tos, 35 x, which extent * reach from 340 to 280 in the line ne 2 


( 30) _ 


| C AS E IV. and V. of Right Angled Triangles. 
The angles and one leg being given, to find the hypothenuſe is Caſe 4. To find the other 
leg is Caſe 5. (See Art. 4. p. 24.) 
Fig. 6, In the triangle ABC, are given, 4 A 34. 34“. the leg or baſe AB 280, and the 4 C 
55 . 26“. Required, the hypothenuſe AC, and perpendicular BC. 


To conſtrue the Figure. 
. Draw the baſe AB= 280. 


I 
| 2. With the chord of 60%, and one foot in A, deſcribe the arch de. 
3. Draw a line from A, through the ſection e, as found in Caſe 1. 


4. Erect a perpendicular on B, to cut the line drawn through e, in the point C, and the 
triangle is formed. 


Solution, By conſtruction AC meaſures 340, and BC 192, 9, as before. 
By Logarithms. 


To find BC. (Theo. 2.) To find AC. 
As s, C 55. 26“ co-ar. = 0,084 354 As s, C 55 . 267 co ar. o, o843 54 
3 380 = 2,4471388 : AB 280 =2,447158 
22 W IS-I8 9, 753862 :: Rad. =10@ 5+» 
: BC - 192,9 225285374 2 340 2,5631512 


By Gunter's Log. Scale. 
1. Extend from s, 35. 26“ to 280 in the line of numbers, that extent will reach from 
| $,34? . 34 to 193 in the numbers. 
N 2. Extend from s, 35. 26“ to $,90?, that extent will reach from 280 to 340 in the numbers. 
| Hence AB = 280, and AC= 340, | 


| CA; $::@& VI, ad . 
{ The baſe and perpendicular being given, to find the angles, is Caſe 6. To find the 
hypothenuſe is Caf: 10 
Pig. 7. In the right angled triangle ABC, are given AB = 86,6 and BC= 50. Required AC, and 
the angles A and C, 
To conſtruct the Figure. 
1. Draw the baſe AB= 86,6 
2. On B, erect the perpendicular BC = 50. 
. Draw the hypothenuſe AC, and the triangle is formed. 
Solution. By conſtruction, AC meaſures 100, 4 A 30?, and C SO. 


ws 


{ By Logarithms. 

; To find the Angle A. (Theo. 1.) To find AC. 

As AB 86,06=1,9375 18 As 8, 42 A302 9,6989 70 
| : BE - 50 =1,698970 BC 50 = 1,698970 
: to gP=R =o... :: Rad: =10. +. 
1 t. of 4 A30%. 0o'=9,761452 AC 100=2,000000 


— — — 


The comp. of 4 A C0 . oo is 4 C. F 


By Gunter's Log. Scale. 
| 1. Extend from s, 30 to $,90, that extent will reach from 5o in the numbers to 100= AC. 
2. Extend from 86,6 to 50 in the numbers, that extent will reach from t,45* to t, 30 A. 
Hence the 4 C muſt be 60, the comp. of 4 A to 90. 


CASE 


4 
C AS E I, of Oblique Angled Triangles, 


The angles and one fide being given, to find the other ſides, 
In the triangle ABC, are given AB= 106 feet, 


A= 44%. 44 
432 89 « OO. 
Sum=133 . 44 


3282180 . oo 
Rem. 2C= 46 106. 


To conſtruct the Figure. 
Draw a right line AC for the baſe of the figure. 


With the chord of 60®, on A, deſcribe ab. 

Set the given 4 A, from þ to a, and draw AB, to paſs through the point 4. 

Make AB= 106, taken from a ſcale of equal parts. 

On the point B, deſcribe (with the chord of 60) an arc ef, and ſet the 4B - from 


of; draw BC, thro? /, till it meet with the baſe AC, and then the triangle is forme 
Solution, By conſtruction, AC meaſures 146 


S 2 


BC do. - 103 

By Logarithms, | 

To find AC. By Theo. 2. To find BC. 
As s, ZB 462. 16” co-ar, =0,141123 As s, C 469. 16' co-ar. =0,141123 
' AB 106 =2,02 5306 : AB - 106 =2,025306 
:: $, 4B 8g coo 297999934 : SLA 44 . 44 297847454 
AC 146,7 2, 166363 : BC - 1003, 2 _ =2,013883 
mo e Neareſt log. - - 2.013680 
= PEE LINE} 


Now fay, if the difference of the logs. 420 give 10, what will the difference 203 give- 
Anſ. 4,83. Hence BC = 103, 2483. But 103,25 is ſufficiently near for practice. 
Note. It AC be found to five places of figures it will be 146,68. 


By Gunter's Scale. 


1. Extend from s, 46. 16/ to ſine 89®, that extent will reach from 106 to 146+ on the 
line of numbers, equal to AC. 


2. Extend from 5, 46. 16 to 106 in the numbers, and that extent will reach from the 
$,44%. 44 to 103 BC, in the numbers. 


C A 8 E II. and III. of Oblique Triangles. 


Two ſides and an angle oppoſite to one of them being given, to find the other angles, is 
Caſe 2. To find the other fide is Caſe 3. 


Fig. 8. 


In the triangle ABC are given AB=19 miles, AC = 30,5, and the angle B= 89“, Fig, 9 


to find the angle A. 
To conſtruct the Figure. 
1. Draw an oblique line, as AB, which make equal to 19. 
2, On the point B, with the chord of 60, deſcribe an arch, as ef, and ſet from e to /, the 
chord of the given angle 89, and draw a line from B to /, to paſs through the point /, if 
occaſion require. 


3. Take AC in the compaſſes, and with one foot on A, make a ſection in the line Bf, as at 
C, draw AC, and the triangle will be formed. 


Solution. By conſtruction, the 4 C meaſures 38. 30“ | 
| "Mad 4A - - -3# 90 And BC meaſures 24 miles. 


By 


| 
$ 
4 


n 
By Logarithms. (Theo. 2.) 


As AC 30,5 co- ar. 8,51571 As 8, 38. 31“ co-ar, o, 20561 
: AB 19 =1,27875 : $52 .29 9, 89936 
. :: 5, 4B 89%. oo = 9,99993 :: AB 19 = 1,27875 
: $,4C 38 .31 2979439 ---* 3 8 $$:2 = 1,38372 
The ſum 1s 127 . 31 - Anſ. the Z A is 32 . 29/ Font 
The ſup. is 4 A 52 . 29 And the length of BC is 24 miles. 


F . Dues. 
The two ſides, and the included angle being given, to find the other angles, is Caſe 4. and 
to find the other ſide, is Caſe 5. 


Fig. ro, In the triangle ABC, are given AB 106, BC 103, the contained angle B 897. 


To conſtruct the Figure. 
1. Make the line AB 106 equal parts. 
2. Set off the angle B, as in the foregoing fig. and draw BC = 10g. 
3. Draw a line from B to C, and the hg. will be conſtructed. 
Solution, By conſtruction, angle A meaſures 4 5®. nearly. 


AB 106 180 
AC 103 —89 
Sum 209 91 the ſum of the angles A and C. 


Diff. 003 45. 3o' is half the ſum of the angles. 
By Logarithms. (By Theo. 3.) 


As 209 co-ar. = 7, 67986 As s, 4 A 44. 55' co-ar.=0,15115 

: 3 =0,47712 8, 4 89 00 = 9,99998Z 

:: t,. 45. 30 29, 85324 22 109 —2,01283 

t, ofo . 35 8,01022 : AC 143,9 =2,10,91 

4C=46 .0g : a 27 
2 ASK 33. 


C AS E VI. Of Oblique Angled Triangles. ' 
The three ſides being given, to find an angle. 
Fig. 11. In the triangle ABC are given AB= 106, AC=146,5, and EC 103, 2. 


To conſtruct the Figure. 
I. Draw the baſe or longeſt ſide AC. 
2. With the ſide AB in the compaſſes, and one foot in A, deſcribe an arc. 
3. With the ſide BC, and one foot in C, croſs the other arc, as at B, and draw the lines 
AB, CB, and the triangle will be formed. 
Solution. By conſtruction, angle A meaſures 344; angle B 892; and the angle C 46z, the 
ſum of the three angles is 1809. | 


| By Logarithms. (Theo. 4.) 

To find the ſegments, or parts, of the baſe AD, and DC. (Ey Theo. 4.) 
PEI 2 * 20922 1 Now to half the baſe 25 73725 
As the bale 140, 5 co-ar. = 7, 834162 

: Sum of the ſides 8 = : 1 55 562 | Ag ng 4 5 half the 12 = 25,00 
: Diff. of the ſides 2,8 20.447158 GU. e — 
Diff. of the ſegts. 3,9998 , 601882 Greater eg, W 2 


Since the diff. of the ſegts. is ſo near to 4, there- Leſs ditto DC - — 725 


fore 4 may be taken for it. 


( 33 ) 


To find the angle A. To find the angle C. 
As AB - 106 2 7, 974604 _.. As BC — 103,2=7,986320 
: R:: AD 73, 25 1, 876506 4 : R.:: DC 71,25 = 1,8 52785 
: coſ. 4 A 44%. 400 = 0, 8 5 1200 : col, 4 C46. 20 9,8391065 
W hien is ſufficiently true for com- + A 44-46 
mon practice. Sum of Z A+C=9g1.06 


Sup. is 2B 288. 54 


PLANE TRIGONOMET Rx. 


HE uſe of Plane Trigonometry is, for obtaining the diſtances of terreſtrial Objects 

from one another, when the diſtances cannot be conveniently meaſured by reaſon of 

the unevenneſs of the ground, rivers, building, or other obſtacles z thoſe diſtances ſeldom 
exceed ten or twelve miles, and for. ſuch diſtances there muſt be one ſide of the triangle 
meaſured for a baſe, which ſhould not be leſs than one eighth or one tenth of the greateſt 
diſtance required to be found. But this diſtance or baſe greatly depends upon the goodneſs 
of the inſtrument to be uſed for meaſuring the angles; and for ſuch purpoſes the Theodolite 

is uſed, with a teleſcope fixed to its index, and a nonius, to move upon the limb or arch of 
the inſtrument, by which angles may be taken to every minute of a degree. When the 


baſe is meaſured, and two of the angles taken by the inſtrument; then the three angles are 
known, and the other two ſides may be found as follows: 


—ͤ— 


PRO B Lr M. I. 
In the triangle ABC, ſuppoſe the fide BC = yo Chains, that is, Gunter's Chains, which Fig. 12, 
Chain contains 100 links, and is in length 22 yards= 66 feet 
Io Chains = I furlong = 220 yards, 
80 ditto =8 ditto = 1760 ditto = 1 mile. 


And the SPITE 55 T0 find AB by Caſe 1. of Obliques. 
= 22-223] 1, As, 4A: C: s, C: AB=200 


Sum 163. 443 " «x 
Hence 4 A = 1 „ re e 


3 the ſides AB, BC, and the contained angle C, to be given, as in Caſe 4. to find 
the angles. 5 
£C=1360 527 
Its Sup. 53 .08 
Half lum of the oppoſite angles 26 . 34 


AL = 150 

BC = 70 
Sum 220 its log. co-ar. 7, 6575773 
Diff. 80 its log. 1,9030900 


e. of half ſum of op. angles 262. 344 =9,6990006 
t of half the diff. of do. 10.184 9,2596679 
The diff. is the angle A 16. 15 4 | 
The ſum is the angle C =36. 52+ 


The angles obtained are the ſame as were taken by the inſtrument, which evidently ſhews 
chat the fides are truly determined 


3 NAUTICAL 


( 34 ) A 
NAUTICAL DEFINITIONS. 


I, AVIGATION is the art of conducting a ſhip at ſea, from one place or port to 
another. 
2. A degree of any great circle of the earth or heavens, is the 360th part of it; and 60 
minutes is equal to one degree. 
3- The complement of an arch or angle, or the complement of the latitude of a place, is 
what the arc, angle, or latitude wants of 90. | | 
4. The ſupplement of an arc, or angle, is what it wants of 180®, or of 3609. 
Complement arithmetical of a log. is what that log. wants of 10, when the log. is leſs 
than 10; but when the log. is more than 10,00000 ſubtract it from 20, to get its co-arith. 
| 6. The courſe of a ſhip is either in direction of the meridian North or South, or it is the 
angle made with the meridian ; which angle is of two kinds, the courſe ſteered, or the coutle 
made good: The difference between them is the lee-way. | 
7. Lee-way is the difference between the courſe ſteered, and the courſe made by the ſhip, 
when ſhe ſails near the wind (in a tide or current) and is by it drove off from the courſe ſteered 
to leeward, that is, towards the Coaſt, to which the wind blows. 
8. A rumb, is the path a ſhip deſcribes during any one courſe. 
9. Arumb-line, interſects all meridians with the fame angles; therefore it is a ſpiral line upon 
the ſpherical figure of the earth, and continually approaches the pole; except in an Eaſt or 
| Weſt courſe, where the rumb-line coincides with the parallel of latitude, and in a North or 
| South courſe with the meridian. 
10. Equator, that great circle of theearth where the days and nights are always of equal length. 
| T This circle extends about the globe Eaſt and Weſt, and from it ; latitude is reckoned North 
1 and South to 90 each way, to its poles ; thoſe poles have no diurnal revolution; but the 
1 earth revolves round its axis every twenty-four hours of equal time. (See fig. 1. pl. 2. for 
this and the following Definitions.) 
11. The Latitude of a place is its diſtance from the equator. 
12. The Longitude of a place is the diſtance between the firſt meridian and the meridian 
| of that place, reckoned in the Equator. | | | 
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13. Meridian of a place, is the ſemi-circle conceived to paſs from pole to pole through the 
zenith of the place. 
; 14. Axis of the earth is an imaginary line, conceived to paſs through the center of the earth 


from pole to pole. | 
15. The horizon of any place is that where the earth and ſky appear to meet; and it is a 
| great circle which may be conceived. to divide the ſurface of the earth and the heavens into 
| two half ſpheres, which are called the upper and lower hemiſpheres. * . 

16, The poles of any great circle, are thoſe points of its axis perpendicular to its plane, and 
at 90? from the center of that circle, on each ſide it. Poles of the earth are the extremes 
of its diameter, or axis, round which it appears to turn, or the heavens to revolve. 

17. Parallels of latitude, are leſſer circles, which may be conceived to paſs about the earth 
parallel to the equator ; and therefore two places having the ſame latitude, North or South, 
are ſaid to be in the ſame parallel of latitude. | | 

18. The difference of latitude of two places, is the arch of diſtance contained, between the 
parallels of latitude of thoſe places. 

19. The difference of longitude of two places is an arch of the equator contained between 
the meridians of the places. 

20. Departure is the Eaſting and Weſting a ſhip makes, on one or more courſes ; and when 
ſhe makes both Eaſt and Weſt departure, then their difference is the departure made good. 

21. Meridian diſtance, is the total Eaſting or Weſting made in any number of A 2 

22, Meridion 
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22. Meridional Diſtance, is the diſtance of any one place from the meridian of any other 
place; and it is to be reckoned in the parallel of latitude of the given place: Hence the 
meridional diſtance of that place in the leſſer latitude, would be greater than the meridional 
diſtance of the place in the greater latitude, with the ſame difference of longitude. 

23. Meridional difference of latitude, is the meridional parts of the enlarged meridian, 
contained between the parallels of the latitude of the two places. 

24. Plane Sailing is computing a ſhip's way according to the principles of plane trigonometry. 

25. Charts are maps f the ſea and ſea coaſts. 

Plane charts have the lat. and lon. equal every where. 

Reduced charts have the lon. to the lat. in the ratio of the minutes contained in 19 of lon. 
to ho“ of lat. and that, in the parallel of the middle latitude. | 
26. Middle latitude, the lat. of the place in the middle between the two given latitudes. 
27. Variation of the compaſs, is an arch of the horizon, contained between the meridian 
of the place, and the North point of the needle, or magnetical meridian. 
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LANE * ILING is the computing a ſhip's way by he principles of plane trian- 
les, or e trigonometry, with regard to its Northing, Southing, Eaſting and Weſting. 
And — the —— there is no occaſion to uſe any other kind of ſailing, becauſe the degrees 
of latitude and of longitude are there nearly equal to each other ; each degree being equal to 
bo minutes, or nautical miles (commonly called geographical miles); each minute or mile 
contains 6072 feet, or 2024 yards, or 1012 fathoms. (Se 24]. 
In this art of conducting ſhips from one port to another, the commanders have the follow- 
ing inſtruments, to wit. cabin, binicle and ſteerage compaſſes, by which they know the way 
the ſhips ſail. Some ſhips have amplitude and azimuth compaſſes, by which they can deter- 
mine how much the needle of the compaſs varies from its pointing to the North; which 
deviation of direction is called the variation of the compaſs; and in ſome places it is Eaſt, 
but in other places it is Weſt variation. 
They have alſo a log, log-line, real, and half-minute glaſſes, by which they obtain the 
diſtances the ſhips ſail in an hour, and in a day; and fo on from day to day. 

Likewiſe they have a quadrant, ſextant, or octant, by which they obtain the latitude of the 
ſhips each day at noon, when they get obſervations of the ſun. Moreover they have maps 
of the ſea, which are called ſea charts, wherein they ſet off from day to day, the lat. and lon. 
of the Ship, by which the place of the ſhip is generally noted each day in the chart: Alſo by 
that place in the chart, they can ſee the courle and diſtance they have made from the port 
failed from, alſo the courſe and diſtance they are from, any other place or port. 

The account of the diſtance failed, is generally kept in knots and fathoms on board men of 
war and Eaſt Indiamen ; but on board other ſhips, in knots, half knots and fathoms : The 
ditance of each knot of the log-line, is 7 fathoms, for a ſand glaſs that runs out in 28 
leconds z but for half a minute glaſs, the length or diſtance of each knot is generally eight 
fathoms, or 48 feet; but the true diſtance of each knot for a half minute glaſs, is the 120th part 
of a nautical mile. And fince the degrees of latitude are of different .lengths, from the 
equator to the poles, increaſing, and occaſioned by the ſpheroidal fig. of the earth, therefore 
it we take the mean length wg a degree of latitude, which is 6g Engliſh miles, 69 x 880= 
60720 fathoms = 12144 yards 364320 feet in 1 of latitude ; hence + of 364320= 6072, 
the feet in 1 nautical mile, or minute: But of 6972 is 50,6 feet, for the true diſtance of 
the knots of the log-line, 8 


The 
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The reaſon for the diſtance of each knot being made only 48 feet, for a half-minute glaſs, 
is to make ſome allowance for the way the log may make after the ſhip. 

Remark 1. In drawing the conſtruction of any cafe or Problem of plane failing, middle la- 
titude, Mercators, &c. you are to make the top of the paper, book, or ſlate, to repreſent 
the North; the bottom South; the right hand ſide Eaſt; and the left hand fide Weſt. 

Remark 2. The difference of latitude is the North and South line, and it is generally 
called the meridian ; the departure is the Eaſt or Weſt line; and the diſtance is either 
North, South, Eaſt or Weſt ; or in oblique courſes the hypothenuſe is the diſtance : For in 
oblique courſes, the courſe is contained by or between the meridian and the diftance line; 
and the complement of the courſe between the departure and the diſtance, and oppoſite to 
the diff. of lat. 

The following canons, or proportions, are ſufficient to inform the learner, how to anſwer 
all the caſes of plane failing, in nautical terms. 

IN 
In the annexed figure, BY 4. 

The line AN repreſents the difference of latitude North ; 
AS the diff. of lat. South; AB the diftance ; and NB or SB the 
departure, whether it be Eaſt or Welt. | 

The angle A, the courſe ſteered from A to B, making the 
angle BAS, or BAN, with the meridian SN. ; 

The angle B is the complement of the courſe to go?. | 

In the figure, A repreſents the place failed from, and B the 
place arrived at; which place (B) may be in any of the 
quarters of the horizon: Hence it appears that the difference 
of latitude, the departure, and diſtance, make a right angled 
triangle, the right angle is at N or 8, whoſe fine is always B. 
called the radius. 


Caſe. Given. | Required. | Proportions. 


a 5 and | Diff. Lat. R: Diſt.:: cof. Courſe : Diff. Latitude 
Diſtance. | and Dep. | R : Diſt. :: fine Courſe : Departure 
Courſe and The Diſt. & Sine Courſe : Dep.:: R: Diſtance | 
| eps Diff. Lat. | Sine Courſe : Dep. :: Co. Courſe : Diff. Lat. 
Courſe and The Diſt, & Col. Courſe : Diff. Lat. :: R: Diſt. | 

Diff. Lat. Dep. Coſ. Courſe : Diff. Lat. : : Sine Courſe : Dep. 
| Diff. and | Courſe and Ditt. N:: Dep. : Sine Courle. 
4 "Dep. Diff. Lat. | R: Diſt. :: Cof. Courſe : Diff. Lat. I 
Diſt. and | The Courſe | Diſt. : R:: Diff. Lat. : Coſ. Courſe. | 
5 | Diff. Lat. | and Depart. | R: Diſt. :: Sine Courſe : Departure. Vil 
6 | Diff. Lat. The Courſe | Diff. Lat.: Dep.:: Tan. 45? : Tan. Courſe 
and Dep. | and Diſt. | Sine Courſe : Dep.:: R: Diſtance. 


— 


Note, That the proportions of the firſt Caſe are to be read thus: The radius is to the 
diſtance, fo is the coſine of the courſe, to the difference of latitude. 

And the radius is to the diſtance, fo is the ſine of the courſe to the departure, And the 
like ot the other caſes, 

Obſerve, in Triangle 1. or ANB, the courſe is in the N. E. quarter; in Triangle 2. the 
courſe is in the N. W. quarter; in Triangle 3. the courſe is in the S. W. quarter; and in 
Triangle 4. the courſe 1s in the S. E. quarter. 


N. B. The right lines bc, t, repreſent the fine of the courſe, and de, dz, the tangent of ditto, The arck 
2:, a, the meature of the angle of the courſe. 


Traverſe Table for! Pcint, or N. 1 E. 
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I D. La. | Dep. | Di. 1D. Lat} Dep. DIRK, TD. Lat, 22 Dit. . Tat. Dep: | 
1,9988 0,049 || 51 [50,939|2,502 | 101 [100,88] 4,96 || 151 | 150,82 | 5,31 0 
2 | 1,998 | 0,098 | 52 |51,938|2,552|| 102 [101,88] 5.00 152 151,82 | 9,3 1 
3 | 2,996 , 14 53 32, 9362, 5 1 103 [102,88] 5,05 || 153 | 152,82 | 7,41 1 
4 | 3:995 9,196 54 53.935,55 104 10,68 8.16154 | 153,82 | 7,46 "il 
_5 | 4994 | 9-245 | $5 834 2522 105 [104,87] g,ts || 155 | 154,81 | 7,51 i 
6 | 599g , 29456 |55,933|2,743]] 106 [105,87] 5,20 || 156 | 155,81 | 7,56 'y 
7 | 6,992 o, 343 $7 56,932 3,797 107 [106,87] 5,25 157 [156,81 7, 60 wil 
8 | 7,990 | 0,392 | 58 |:9,930|3,846|| 108 107,87] 5,30 || 158 | 159,81 | 7,65 N 
9 | 8,989 | 0,442 || 59 3, 929 3,895! 109 108,87] 5,35 || 159 | 158,81 | 7,79 i 
ro | 9,888 | 0,491 || 60 59292 3-844 || 110 109,87 5,40 || 160 | 159,81 | 7,75 1 
11 | 10,987 | 0,540 [ 61 160,927] 3,993 111 [110,87] 5,45 || 161 | 160,81 | 7,80 24 
12 | 11,986 | 0,589 | 62 [61,926 3.042 112 [111,87] 5,50 || 162 | 161,81 | 7,85 i 
13 | 12,984 | 0,638 || 63 [62,924 33091 | 113 112,86 5,54 || 163 | 162,80 | 7,89 | 
14 | 13,983 | 0,687 || 64 [63,923 178 114 113,86 5,59 || 164 | 163,80 | 7,95 
15 | 14,982 | 0,736 || 65 [64,922|3,189] 115 [114,86] 5,64 || 165 | 164,80 | 8,09 
16 [15,981,785 [ 66 [65,921 3.239 116 |115,86| 5,69 || 166 | 165,80 | 8,05 
17 | 16,980 | 0,834 || 67 [66,920 3,288 || 117 [116,86] 5,74 || 167 | 166,80 | 8,10 
18 | 17,978 | 0,883 || 68 67,918 3,337 118 [119,86] 5,79 || 168 | 167,80 | 8,14 
19 | 18,977 | 0,932 || 69 [68,919] 3,386 | 119 [118,86] 5,84 || 169 | 168,80 | 8,19 
20 | 19,976 | 0,981 || 70 69,916 3-435 120 [119,86] 5,89 || 170 | 169,80 | 8,24 
21 | 20,975 | 1,030 || 71 70, 915 3,484 121 120, 86] 5,94 || 171 | 170,79 | 8,29 
22 | 21,974 | 1,079 || 72 [71,9141 3,533} 122 121,85] 5,99 || 172 | 171,79 | 8,34 
23 | 22,972 | 1,129 || 73 |72,912|3,582\| 123 [122,85 6,04 || 173 | 172,79 | $,39 
24 | 23,971 | 1,168 || 74 [73,911] 3,631 | 124 123,85 6,09 | 174 | 173,79 | 8,44 
25 | 24,970 | 1,227 || 75 [74:91 3680 125 [124,85 6,13 175 174,79 8,49 
| 26 | 25,969 | 1,276 || 76 75,910 3,729 126 [125,85 6,18 || 176 175579 8,54 
27 | 26,968 1,325 77 76, 909 3,778 127 [126,853] 6,23 || 177 | 176,79 | 8,59 
28 | 27,966 | 1,374 || 78 |77,907| 3,827 || 128 |127,85| 6,28 || 178 | 179119 8,6 
29 | 28,965 | 1,423 [ 79 78,906 3,876 129 128,8 6,23 179 | 178 79 8,68 
39 | 29964 | 1-472 | 80 | 79,9041 3,926\| 130 | 129,84] 6,28 | 180 | 179,78 | 4,73 00 
31 | 30,963 | 1,521 81 80, 903 3,975 131 130, 84] 6,33 | 181 | 180,78 | 8,78 Al 
32 | 31,962 | 1,570 || 82 87,902 4,024 || 132 | 131,84 6,38 || 182 | 181,78 | 8,8 "nl 
33 | 32,960 | 1,619 || 83 | 82,900 4971 | 133 132,84] 6,42 || 183 | 182,78 „80 1 
34 33,959 | 1,668 | 84 83.899 4.122134 133,84 6,48 || 184 } 183,78 994 i 
35 | 342958 | 19717 | 85 [84,898] 4,171) 135 [13484 6,53 1 155 | 13472 | Lg 4i 
35 | 35,957 | 1,766 || 868,897 4,220 136 |135,84| 6,57 || 186 | 185,78 | 9,02 ! 
37 | 36,956 | 1,815 || 87 |86,896|4,269\| 137 136,84 6,62 || 187 | 186,78 9,08 10 
38 { 37,954 | 1,865 || 88 [87.894 4,318] 138 137,83 6,67 | 188 | 187,77 9•79 160 
39 | 38,953 | 1,914 || 89 88,893 4.367139 138,83] 6,72 || 189 188,779, 1 
40 39952 1.963 yo 8975892 4,416 140 139,83] 0,77 | 190 189,77 9,22 HY 
41 | 40,951 | 2,012 91 90, 891 4.565 141 | 149,83] 6,82 || 191 | 190,77 | 9,27 ia 
e 42 | 41,950 | 2,061 || 92 91,890 | 44514 || 142 141,83] 6,87 | 192 |] 191,77 | 9,32 1. 
43 | 42,948 | 2,110 || 93 92,888 4.563 143 142,83 6,92 | 193 | 192,77 | 9537 48 
= 14 | 43,947 | 2,159 |} 94 |93,887 |4:912|| 144 | 143,83] 6,97 | 194 | 19377 | 9:4? 0 
45 44.94 | 2,208 | 95 |94,886|4,662|| 145 | 144,83] 7,02 | 195 | 19477 | 9:47 0 
be 46 | 45,945 | 226756 95,8857 1 1464,82 7,06 196195. 195,76 | 9,52 Wil 
in 47 1 46,944 | 2,300 | | 97 96,884 | 4,760 147 | 146,82| 7,11 || 197 196,76 | 9,57 10 
48 | 47,942 | 2,355 || 98 9,882 4,80 148 14,82 7,16 | 198 197,70 | 9,02 1 
49 | 48,941 2,404 || 99 98,88 14,860 149 |148,82| 7,21 || 199 | 198,76 | 9,67 199 
ch _50 | 49,940 | 2,453 || 100 99,880 | 4,907 }| 150 149,82 _7226 | 200 199,76 9,72 4 ji 
Viſt. p. D Tat. }| Diff. Dep. | DLat. || Diſt. | Dep. BLat. Dift. | Dep. | DLat.| Wh bi 
EN. EN. V. N. W eee | 19 
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DET D.Lat. | Dep. | Dit. B. Lat.y Dep. || DiR.[5. Lar.| Dep. Dit. | 0. Let. Dep. 
|: 21] 0,995! 0,098 j| 51 | 50,754] 4,999 || 101 [100,51} 9,90 || 151 150, 26 14,30 | 
2 1,990 0,196 || 52 |51,749] 5,097 if 102 | 101,51 | 10,99 | 152 51,26 14,90 
3 | 2,985| 0,294 || 53 | 52,744] 5,195 || 103 | 102,59} 10,09 | 153 [152,251 15,29 
4 | 3»981] 0,392 || 54 | 53,749] 55293 |f 194 | 103,50] 10,9 | 154 [153,25] 15,10 
_5 | 44976] 0,499] 55 | 543735] 5391 || 105 | 104,49] 19,29 || 155 [154,24| 5, 
6 | 5,971] 0,538 || 56 | 55,730 5,469 106. | 105,444 10,39 155 55, 4 15,29 
7 | $6,966, 0,656 | 57 156,725] 5,587 || 107 106,481,497 1,315,390 
8 2.961 0,784 || 58 |57,720] 5,685 f 108 | 107,48|10,53 Þ 158 | 157,23] 15,46 
9 | 8,952! 0,882 | 59 58,717 5,783 || 109 | 108,47] 10,68 || 159 158,22 15,53 
10 | 9,952} 0,980 || 69 [59,711] 5,891 || 110 [109,47] 10,78 160 [159,22] 15,68 | 
11 10,947 1,078 || .61 |60,706 5979 | 111 | 110,46] 10,88 | 161 | 160,21] 15,78 | 
12 þ11,942| 1,176 62 [61,701] 6,077 | 112 111,46 10,99 þ 162 161,21 15,55 
| 13 | 12,937| 1,274 63 62,696 6,175 | 113 |[112,45| 11,08 | 163 [162,20] 15,97 | 
| 14 | 13,932| 1,372 | 64 [63,691] 6,273 114113, 4511,18 | 164 163, 20 10,07 | 
EJ 14.928 1,470 || 65 64,037] 6,371 | 115 |114,44| 11,26 | 165 [164,19 16,17 
16 13,923 1,568 || 66 65,682 6,459 | 116 115,44} 11,33 | 166 | 105,19 16,27} 
17 16,918 2,666 | 67 66,677 6,567 || 117 [116,43] 11,47 | 167 166,18 16,37] 
18 | 17,913] 1,764. || 68 67,672 6,665 | 118 [117,43] 11,55 168 167,18 16,46 
| 19 |. 18,908| 1,862 || 69 [68,667 6,763 || 119 | 118,42] 11,66 | 16g [168,17 16,56 
20 | 19,994| 1,950 | 75 695663 6,861 | 120 [119,42] 11,76 || 170 [169,18] 16,66 
| 21 | 20,%99] 2,058 || 71 7, 558 6,959 || 121 |120,41| 11,86 || 171 170,16 16,76 
22 | 21,899] 2,156 || 72 71,653 7,057 122 | 121,41] 11,96 || 172 171,16 16,86 
| 23 | 22,889] 2,254 73 [72,648] 7,155 | 123122, 400 12,05 173172, 605 
| 24 | 23,534] 2,352 74 [73,043] 7,253 |} 124 [123,49] 12,15 I} 174 173,157 05 
25.242879 2,450] 75 [74,638] 7,351 || 125 [124,39] 12425 || 175 F17414| 17-15 
26 | 25,875] 2,548 | 76 75,634 7,449 || 126 [225,39] 12,35 |} 170 [175,14] 17325 
d "SF. 26,870] 2,646 || 77 76,629 7,547 || 127 | 126,38] 12,45 || 177 176, 13 17,35 
28 27, 865 2,744 78 77,624 7,645 12812), 3812,54 | 178 þ177,13) 17,44 
29 28,860 2,842 || 79 78,619 7,743 |} 129 1128,37 12,54 179 [178,12 17,54 
4 29,955 5941 80 794014] 7,842 || 130 |129,37| 2274 180 [179,12 17554 
31 30, 8 50 3.039 ] 81 80, 609 7,949 131130, 3612,84 181 [180,11 17,74 | 
32 31,846 3,137 || 82 81,605 8,038 || 132 [131,36] 12,94 182 [181,11 17,94 | 
33 32,841] 3, 23583 82, 600 8,136 |f 133 132,35 13,03 || 183 182, 10 17,93 | 
34 | 33-836] 3,333 $4 [83,595] 8,234 |} 134 [133,35] 13,13 | 184 [133,19] 1,23 
[_35 | 344331 | 3-431 || 85 [84,590] 8,332 || 135 [13434] 13323 |f 185 [184,09] 101 
36 | 35,826] 3,529 86 [8,58 5 8,430 || 136 [135,34] 13,33 |} 186 185,09] 19,22 
37 36,822 3,627 | 87 86, 581 8,528 137136, 3313,43 282 186,08 18,33 
38 | 37,817] 3,725 || 88 [87,576 9,526 138 |137,33| 13,52 || 188 137,08 $9442 [ 
39 | 38,812] 3,823 89 188,571] 8,724 || 139 |133,32|13,62 | 189 [188,07] 19,52 | 
40 39,9807 3-921 | 92 89,566 8,822 | 145 [139,32] 13,72 || 190 189,07 | 18,52 
Be 40,802 4,019 91 90,561 8,920 141140, 3113,82 || 191 190, 6 18,72 
42 | 41,797] 4,117 | 92 [91,556| 9,918 || 142 [141,31] 13,92 || 192 191,6 18,82 | 
43 | 422793] 44215 | 93 [92,552] 9,316 | 143142, 3014,01 | 193 192,06] 19,31 
| 44 43,7880 42313 | 94 [93,547] 94214 || 144 [143,30 | 14,11 || 194 | 193-05} 1997 | 
12 445783 441195 4842 9,312 | 145 [144,29] 14421 || 195 | 194,05] 19912 Þ 
| 42 459778) 4,599 | 99 [95:537| 9,410 ff 146 [145,29] 14,31 || 196 | 195504] 19,2? 
47 | 40,773] 4,007 If 97 | 96,532] 9,50 | 147 146,28 14,41 || 197 | 196,04 1953 
| 48 | 47,769] 4,705 || 98 [97,528] 9,606 || 148 |147,28| 14,50 | 198 [197,94] 19449 
| 49 | 48,764] 4,803 || 99 [98,523] 9,704 149 | 148,27 | 14,60 |þ 199 [199,04] 19.5” 
_52 | 49759] 4,901 || 100|99,5r8| 9,822 |} 155 | 149,28] 14,70 || 220 | 199,00] 19,60. 
Di. Dep. D. Lat. Dift. Dep. Ft |} Dif. "Dep. | F Lit Diff | Dep. [ Lat. 
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Traverſe Table for 2 Point, or N. 2 E. N. 3 W. S. 2 E. S. 3 W.. 
Pint. D. Lat, | Dep. [ Biſt.] D. Lat.] Dep. Dit. O. E Dep. Dit. P. Lar. | D-p. 
o, 98918 o, 14574 51 50, 448 1 7,4837101 99,997 [14,821151j149-365j22,156 
21,9784, 2935 52 51,4376 7, 6304102100 3858797 57 159.354½225303 
32.9675 , 442 53 [52,4207 7,7771103 (101,851,114 153(154,43 [22,459] 
43.9567 = 54 5354109) 7 729238þ 1041104,0,75|4 5201154} 1524333 [22,597 
_5 | 429459] 97337 | 55 [5494251} dee e e e ee 155] 153.322 225743] 
65,9351 0, 8804 56 9.59400 „ 21720106 104,8 53 15,554 155|154,312 22, 890 
| 7 5,9242 1,0271037 6, 383 5 992530 107105, 842(1, 7010157133, 30122, 037 
837.9134 1738 58 575372 8, 8,8196108 106,8 3215,848 15811529923, 
93,9020 1, 3200 59 8,3619 5,657301091107,821115,994]1591157,279 [23,352 
10 9,8918 1,4674 60 50, 3508] 8,8944}}110]108,810}i6,141f160[153,269 122,470 
11 [15,8310] 1,5141 61 [60,3399] 8,9511}111]109,799| 16,2889 161]1 59,2583 22,523 
i2 11,8702] 1,7699 62 [61,3299] 9,99781112|110,789}16,434} 162] 160,247 |2 35772 
13 12,8 594 1,9076 63 (62,318 9,2445113}111,778110,581}163[161,236 [23,918 
14 13,8486 2,543 64 [63,3972] 9,3912}114|112,767j10 628i[164|162,225\24,c65 
15 |14,8377| 2,2211 65 164,2963] 9,5379]115[113,750 16,774, 165]163,214 [24,212 
16 1,8268 2, 34/8 66 [65,2854 9,6846}1161114,745 17,021} 166164, 29324, 339 
7 15,3160 2,3945 67 [66,2745] 9.8313Þ117|115,735117,1681167]165,192 4,505 
18 17,8052] 2,6412 68 67, 2640 9,9780 118116,72417, 3151681160, 182 [24,052 
ig 18,9944] 2,7879 69 (68, 2531010,1247119/11/,713 17,461 169]107,171124,799 
20 19,7836 2,9348 70 [59,2426110,2714|120|118,702 Foe, 170]168,161 [24,945 
210,728 3,0815 71 [70,2317]10,4181}}121]119,09i[17,7551171]169,150[25,092 
22 21,7620 3,2282 72 7/1, 2208010, 5648122120, 68017. 902172170, 13925, 239 
23 22,7512 3,3749 73 72, 20910, 7115123121, 66918, 49173171, 128 25,385 
2423, 7404 3,3218 74 73, 199010, 8582124122,65818, 1961174172, 1172 25532 1 
25 [24,7296] 3,6685 75 1744188 :[11,0049]1251123,047|18,342175|173,106[25,07g| Io 
26 23,7188 3,8152 76 [75,1772[11,1516|1261124,036118,489]176| 174,090 25,826 * 
| 27 [26,7030] 3,9619 77 [76,1668[11,2983]1271125,025113,036177[175,085125,972 4 
28 [27,6972] 4,1086} 78 [77,1558[11,4450}1281j126,6141153,782}178[175,074|20,119] pl 
29 28,0864 442553] 79 [78,1449]11,59271291127,003115,9291179|177,063120,260 7 
30 29.6754 454022 85 19941344}! 1,7 392 130 128,593 19,076 180|178,052 26,413 5 1 
31 38,5645 4,5489 81 80, 123 511,88 59131129, 58 219,222 181179, 41026, 560 N 
32 31,536 4,696 82 Z Heer, {4 130, 56119,369 182180, 3126,77 1 
33 32,6427 4,8423 83 82, 101/12, 1793133 131,550 19,5160183 181,020 26,853 | i 
34 33320 4,980 84 [$3,9912112,3350 [134 [132,549] 19,003} 184\182,209 26,999 | Li! 
35 [34,0211] 5,1357 85 [84,0803 12,47271135 133,538 19, 809 185 182,99827,146 {1h 
303556194 5,2824 86 [85,0694]: 2,01941136[134,528/19,950|186| 183,988 127,293} * 
37 36,5995] 54291 | 87 [85,0585112,766111371135,517120,10301871154,977127,439 tl 
33 37,5886 5,5758 88 8,0488012, 91288138136, 50620, 24918818 5,900 27,586 i 
39 [38,5779] 5.7225 89 [$8,937113,0595|139[137,495[29,396[189|186,955127,733 "vid 
40 39,672 5,8696 99 [85,2262113,2066| 1401 38,485120,543]190[187,944127,579} 1 
41 40, 5563 70 91 90, 0153013, 35331410139, 47420, 89191188, 933 28,26 1 
42 4,5456 6,1530 92 91, 04813, 4996142140, 46320, 836192189, 92328, 74 "oo 
43 42,5347 60,3997} 93 [914993+13,0403| 1431141,452 [20,9831 1931190,912 {28,321} 1 
44 43,5240] 6, 4564 94 2,98 30013, 7930 144142, 44221, 1300194191, 0128, 408 | 
45 [445131] 6,6231} 95 [93,9721113,9397] 145[143,431]21,2760{1951192,890j28,014] 
46 [45,5024 6,7498|| 96 [94,9616]: 4, 872146144, 42021, 423196193, 880 28,761 
47 46,49 5 6,8965 97 06, 950714,2 339147146, 40921, 57% 197] 194,869 28, 908 
48 47,4808 7,0436 98 06, 9398/14, 3806 148 146,308 21,716198 193,858 29, 58 
49 48,4699 7,1903 99 [97,928<114452731 149 [147,387[21,303] 199] 136,847 29,204 | 
50 40, 4590 7,3370 1-0[98,918 26740150 148,370 22,010] 200 197,53612c,348] 
[7 PB. La Tp Ih 55 D | ep, Pig g. Tat o Biß Hp. Lat. Nep. 
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: Traverſe Table for t Point. N. b. E. N. b. W. S. b. E. S. b. W. 
Dit. | D. Lat.] Dep. I Diſt. P. Lat. Dep. N Dill. | 3. Lat. Dep. || Dilt., P. Tat Pep. 
10,98 , 195 51 50,21 9,950 rot 99,06 19,70 151148, is 29,46 
2 | 1,953] 0,390 || 52 | 51,002 10,145] 102 | 100,04] 19,90 || 152 |149,08| 29,65 
3 | 2,943] 0,585 || 53 51,982 10, 340 103 | 101,02] 20,09 || 153 | 150,06] 29,83 
4 | 3,924] 0,780 | 54 32, 963 10, 35 104 | 102,00] 20,29 || 154 [151,04] 30,0; 
__5 | _4:995| 22975 | _55_ | 53594! 10, 30 105 | r02,98| 26,49 155 |152,02| 30,24 
i 6 | 5,886] 1,150 || 56 |54:925|10,926}-106 | 103,96] 20,68 || 156 | 153,00] 36,54 
7 | 6,867] 1,366 | 57 |55,906|[11,121} — 104, 95 20, 88157153, 99 30, ( 
| 8 | 7,848] 1,561 38 | 56,887 11,316| 108 [105,93] 21,97 || 158 [154,97] 30,8; 
9 | 8,829| 1,756 [ 59 | 57,867|11,511} 109 | 106,91] 21,27 || 159 [155,95] 31,02 
10 | 9,801] 1,951 | 60 58,847 11,706] 110 197,89] 21,46 160 | 156,93] 31,22 
11, [10,781] 2,146 || 61 69,829 11,901 111 | 108,87] 21,66 161 |159,91| 31,41 
12 |11,770| 2,336 |] 62 60, 10812, 9611209, 85 21,85 || 162 138,89 31,67 
13 12,751 2,531 || 63 61,790 12, 2910113110, 83] 22,95 || 163 [159,97] 31,80 
14 [13,742 | 2,726 || 64 |62,771 12,486 114 [111,81] 22,24 || 164 | 160,85] 32,00 
15 [14,723] 2,921 65 |63,762|12,681]| 115 |112,79] 22,44 || 165 | 161,83] 32,19 
16 [15,704| 3,116 || 66 |64,743|12,877]| 116 [113,77] 22,63 || 166 | 162,81] 32,39 
17 |16,685| 3,311 || 67 |65,724|134072} 117 [114,75 22,33 jj 167 [103,79] 32,58 
11 17,666 3,506 || 68 | 66,704 13,267 118 115,73 243,02 || 168 | 164,77] 32,78 
19 18,647 3,701 || 69 |67,685|13,462|| 119 [116,71] 22,22 || 169 | 165,75] 32,97 
20,19, 616 3,902 70 68,665 13,656 120 [117,0 23241 [170 166,73 33,16 
21 20, 597 4,097 || 71 69,647 13,852 121 118,68 23,51 [171 [16,71 33,36 
22 21,378 4,292 | 72 70, 628 14, 47122119, 66 23, 80172168, 69 33,56 
23 22,559 44387 || 73 71, 608 14, 242123120, 64] 24,00 173169, 6733,75 
2423, 540 4,582 || 74 72, 589 14.437 124 [121,61] 24,19 17417, 65 33,95 
25 [24,521] 49777 | 75 23822532125 12250 24,39 || 175 [171,03] 3414 
26 25,502 4,972 76 | 744551 14,828 | 126123, 58 24,58 }} 176 [172,01] 34,34 
27 26, 483 5,167 || 77 [75,532|15,023 | 127 [124,50] 24,78 || 177 [17259] 3453 
28 27,464 5,352] 78 76,513 15,218] 128 125,54 24,97 || 178 |174357| 3473 
29 28,445 54547 || 79 177493]15413]} 129 126,52 25,17 | 179 [175,55] 3492 
| 30 [29424] 54853 || _Bo 78,463 15,607) 130 [127,50] 25,36 || 180 | 176,53] 35,12 
31 |30,405| 6,048 || 8: 79, 43613, 803 131128, 48 25,50 || 181 [177,51] 35,31 
32 | 31,386] 6,243 || 82 |80,417|15,998}]| 132 [129,47] 25,75 || 182 | 175,50] 35,51 
| 33 |32,367| 6,438 || 83 |82,391|16,193]} 133 [130,45] 25,95 || 183 [179,46] 35,70 
34 |53,348| 6,633 || 84 |82,378|16,388|| 134 [131,43] 26,14 || 184 | 130,46] 35,90 
| 33 372329 6,828 85 83,359 16,583 135 132,41 26,34 135 181,44 30% 
35 35,3710 7,23 86 84,341,779 136 133,39 26,53 || 186 | 182,42] 36,29 
37 136,291] 7,218] 87 |85,321116,974] 137 [134,37] 26,73 || 187 183,4 36,48 
38 37,272,413] 88 |86,301]17,169}} 138 [135,351 26,92 || 188 184.30, 36,05 
| 29 38,253 7,608 || 89 |87,282|17,364j} 139 136,33] 27,12 || 189 | 185,36] 36,87 
} | 40 139923! 7,904 || 90 |$8,271]17,559}} 149 [137,31] 27,32 || 190 130,34] 37597 
| 41 40, 212 7,999 || 91 89, 24417,754 141 |138,29] 27,51 || 191 | 187,32 37,26 
42 |41,193| 8,194 || 92 90, 225 17,9491] 142 | 139,27] 27,70 || 192 188, 30 37,40 
l | 43 42,173 8,389 || 9g 97, 20518, 144 143 | 140,25| 27,90 || 193 | 189,28] 37,05 
| | 44 |43,154| 8,584 || 94 |92,186]18,339]] 144 | 141,23] 28, 10 || 194 | 190,27 37.85 
| 45 [444135 8,779 || 95. 93,167118,534 || 145 [142,22] 28,29 || 195 | 191,25 38,04 
| | 46 |45,116| 8,974 || 96 (94, 148 18,730 146 | 143,20 28,48 || 196 | 192,23| 38,24 
p | 47 46,9 9,069 || 97 [95,129 18,925 147 144.180 28,68 || 197 | 193,21 38,433 
y 48 47,078 9,264 || 98 66, 10919, 120 148 | 145,16 28,87 | 198 194,19 38,03 
1 49 48,059 9,459 || 99 97-9019, 314 149 146,4 29,07 j| 199 | 195,17 38,82 
| 50 49,039 IE 100 | 98,079] 19,509} 150 [147,42] 29,26 | 200 | 196,15 $9.02 
; \ Diſt. ) Dep. ) D.Lat Bit Dit. | Dep. 1D. Lat.] Dit. Dep. B. Tat. Dit, | Dep. L. LA 


Seven Points. E. b. N. E. b. 8. 
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Fraverſe Thble for 1 4 Point. N. b EZ E. N. b W.; W. S. b F. E. S. b W.! W. 
De- La Dep. | Di |D. La fo Dep - "Dit. B. Lar. | Dep. | 1 '.1D. Lat. Dep 
1 | 0,970 [, 24351 4, 470 72,392 | 101 [97,970|24,54 || 151 | 146,47|35,65 
2 | 1,949 | 0,436 ||-52 50,4412, 35 102 98, 94024, 78 152 | 147,44| 36,92 
2 2,919 | 0, 729 || 53 [51,4102 1 10399, 91025, og | 153 }140,41]37%,17 
4 3,880 [0,972 || 54 52, 38013, 21 104 | 100,88 25,27 |, 154149, 3837,41 
81,21. [53,359[13,364 | 105 10285 2828158 885350347565 
5 5,20 1,433 36 547320 13,607 106102, 8223,75 | 150 151,32 37 90 
7 6,799 | 1,70 57 55,290 13, 8 50 + 103,79|25,99 || 157 |152,29138,14 
g 7,760 | 1,944 || 53 56, 26014, 093 | 108 | 104,76 | 26,23 | 158 1153,20|38 33 
9 38,730 2,137 | 59 157,239{14,336 |-10g [104,73 26,48} 159 |154,23|38,03 
19 | 9700 | 2,490 60 53, 200 14,579 [|-119 | re6,70| 26,72 | 160 155,20|3%,37 
11 | 15,670 | 2,573 }|-61 [59,170] 14,822 || 111 | 109,67 [26,96 | 161156, 1739,11 
12 | 11,640 | 2,916 j| 62 60, 14015, 065112 | 108,64.|27,20 || 162157, 1439,35 
14 | 12,610 | 3,9 63 61, 11015, 308 113109, 6127,45 163 [158,11] 39,60 
14 | 13,580 '| 3,492 || 04 62,080 1,351 114|110,58|27,09 || 164 | 159,08| 39,84 
15 | 143550 | 3,845} 65 163,059[15,704| 115]111,55127,93 || 165 | 160,05] 40,08 
16 | 15,520 | 3,888 [66 64,020 16,037 116112, 3228,18 166 [161,02| 40,37 
17 16,490 4,121 67 164,999] 16, 28017113, 4928,42 167 [161,99] 40,57 
18 1,460] 4,374 || 68 65,960 16,23 118114, 4628,66 168 | 162,96] 40,81 
19 18,430 ] 4,617 || 69 66, 930 16,766 119113, 4328, 91 169 163,93 41,06 
20 19.400 [ 4,860 || 70 7, ooo, o 120 116,40 29, 15 170 164,90 41,30 
21 20,370 5, 103 [71 [68,870 17,22 121 117,37 29,39 171 166,87 41,54 
22 | 21,349 | 3,346] 72 69, 840 17,495 122 118,34 20,03 || 172166, 8441,78 
23 | 22,310 [3,389 73 70, 8 107,738 123119, 3129, 88173 [167,82 42, 0g 
24 [ 23,280 | 5,832 [ 74 [71,780 17,981 124120, 2830, 12174168, 7842,27 
25 | 24,259 | 6,175] 75 72.750018,224 125 [121,25 30,36 175 | 169,75|42,51 
26 | 24,229 618 76 73,720 18,467 126 122,22 30, 61176170, 7242,76 
27 | 26,190 | 6,661 | 77 74,690] 18,710 [ 127 | 123,19] 30,35 || 177 [171,69 43,00; 
28. | 27,160 6,904 | 78 [75,660 18,953 128124, 1631,09 || 178 |172,66]43,24 
29 | 28,139 | 7,147 | 79 76,630 19,196 || 12g9]125,13131,34}] 179 [173,63 43,49 
30 129,402 |, 7,289 || 80 77,600 19,439 || 130 126,10|31,58 180 174,60 43,73 
31 30,070 | 7,532 | 81 | 78,570 19,682 131 [127,07|31,82 || 181 | 175,571 43,97 
32 | 31,9049 175 | 82 79,5401, 925132128, 0432, 6182176, 5444,21 
33 | 32,010 8,018 | 83 |80,510|20,168 || 133 | 129,01 |32,31 || 183 177,144, 46 
34 | 32,980 | 8,261 | 34 181,480|20,411 || 134 | 129,98| 32,55 || 1384 | 178,48] 44,70} 
35 | 33-959 | 8,504 }| 85 |82,450]20,654|]} 135 |139,95132,79 1} 185 [179 45144494 
30 | 34,920 | 8,747 86 |83,420]20,897 136131, 9233, 4186180, 4243, 19 
37 35890 [8,990 87 |84,390[21,140 | 137 [132,89|33,28 | 187 | 181,391 45,43 
33 | 36,860 | 9.233 || 88 |85.360[21,383 || 138 [133,86] 33,52 |} 188 | 182,36] 45,07 
39 | 37,830 | 9,476 89 |86,330|21,626 139 |134,83]33,77 || 159 183,33 45,92 
49 | 38,800 | 9,719 || go |87,300|21,869 || 140 | 135,80| 34,01 | 190 | 184,30} 40,16 
41 1 39,770 | 9,962 || gr |88,270[22,112 1] 141 136,734,259 185,27 46,40 
42 40, 740 [10,205 || 92 |89,240|22,355 || 142 | 137,74| 3449 192186, 24 46,64 
43 | 41,710 10, 44893 90, 210 22, 598 || 143 | 138,71 | 34,74 || 193 | 187,21] 46,89 
44 | 42,680 | 10,691 || 94 [91,180 22,841 144 | 139,68] 34,98']] 194 | 188,18] 47,r3 
45 | 43,650 [109,934 || 95 |92,150|23,084 || 145 | 140,65|35,22 || 195 | 189,15] 47,37 
46 | 44,020 | 11,177 j| 96 [|93,130|23,327 146 |141,62|35,47 || 196 | 190,12] 47,62 
47 | 45,590 [11,420 || 97 |94,090[23,570 || 147 | 142,59] 35,71 || 197 197,09 47,86 
48 | 464560 [11,663 [ 98 |95,060[23,813 || 148 143.56 35,95 || 198 192, 0648, 10 
49 | 47,530 [11,906 | 99 |96,030|24,056 || 149 | 144,53] 36,20 || 199 193, 0348,35 
50 | 48,500 [12,149 || 100 |97,000|24,299 j| 150 145,50 36,44 || 200 | 194,08] 48,60 
| Diſt, Dep. D.Lat. Dix Dep. D. Lat. Diſt. Dep. D Lat. | Dif. | 2. DLat. 
Sux Points. E. N. E. 2 E. E. S. E. + E. W. N. W. 2 W. W. 8. W. 2 


Traverſe Table for 1 4 Point. N. b E. Z E. Wow. W. S. b E. E. S. b W.: w- 


Diſt. D. Lat. Dep. Diſt. D. Lat.] Dep. | Liſt.} VU. Lat. | Dep. Diff. DL Dep. 
1 o, 957] 0,290 || 51 48,802 14, 805 101 96, 65 29,32 151 144,49 43,84 
2 1,914] 0,581 || 52 [49.759 15, 96 102 | 97, 60 29,61 152 | 145,45 44,13 
3 | 2,871] , 871 || 53 50, 71613, 386 103 | 98, 50 29,90 || 153 | 146,41 44,42 | 
4 3.828] 1,161 54 [51,673 15,576 104 | 99,82 30,19 | 154 147,364, 71 

_5 | 4785|_1:451 | 
6 | 5,742] 1,742 | 56 53,58616,257 106 [101,43] 32,77 || 156 | 149,28 |45,29 
7 | 6,699 2,932 || 57 54,543 16, 54710) 102, 303, | 157 15%, 2345,58 
8 | 3655 2,322 || 58 55,500 16, 83108103, 353,35 || 158 151,19 45,5) 
9. 8.612] 2,613 [ 59 56,457 17,128 109 104, 3031,64 || 159 152, 154,16 

* . 160153, 1046,45 

11 1,526 3,193 | 61 [58,371|17,708|| 111 |106,22|32,22 || 161 154,06 | 46,74 
12 [11,483] 3,484 || 62 [59,328|17,999]] 112 f107,17|32,51 || 162 |155,02|47,03 
1312, 440 3,774 || 63 (60, 28 518,289 113 | 108,13 32, 80 || 163 [155,97 |47,32 


14 [13,397] 4064 
15 1144353] 44354 
16 [15,310| 4,645 
| +7 16,267 4,935 | 
* BÞ 17,224] 5,225 
19 [18,1810 5,516 
| | 20 |19,138| 5,806 
| 21 20, 95 6,096 
| 22 21,052 6,387 
| | 23 |22,009] 6,677 
l 24 |22,966| 6,967 | 


64 [61,242 |18,579]| 114 | 109,09 | 33,09 
65 62,198 18,869 115 [110,04 | 32,38 


66 63515519, 160% 116 [111,00] 33,67 


164156, 9347,61 
165 [157,39 | 47,90 
166 158,8 548,19 
167 9,8048, 48 
168160, 7648,77 
169 161,724, 6 
170 [162,67149,35| 
68885 20,611} 121 | 115,78 35,13 [171 163, 6349,64 
65,3897 20, 902122 116,435,427 164,949, 9 
735 [69,854 |21,192ff 12g:[117,70|35,71 173 165,54 50,22 þ 
| 74 70, 8112482124118, 56 36,00 || 174 |] 166,50] 50,51 | 
' | 25 23˙922 22257 Þ 75 222257 21,7222 119,01] 36,29 | 175 167,46] 50,80 | 
l 26 [24,879] 7,548 | 76 772422, 063126 [120,57 | 36,58 || 176 | 168,q1 51,09 
| 27 [255936] 7,938 Þ 77 [73,6811a2,353 127 [121,53] 36,87 [177 [169,37] 51,38 
N 28 26,793] 8,128 78 74.6382, 643128 þ122,48 37,16 If 178170, 3334,67 

29 [275759] 3,419 || 79 75,5952, 934129 123, 4437,45 [ 179 [171,28] 51,96 
| 30 [28,707 8,709 80 |70,552|23,224 1312440372418 |172,24| 52,25 
| 3: [29,664] 8,999 81 [77,509123,514\}131 [125,35 38,03 || 181 [173,20] 52,54 
| 32 30, 621 9,290 78,466 23, 905 132 [126,31 | 38,32 | 182 [174,160] 52,83 
| 33 [31,578] 9,580 [ 83 [79,423 5 127, 2738,61 183 [175,11] 53,12 


67 64, 11219, 450117 |111,96| 23,96 
68 [65,069[19,740|] 118 | 112,91 | 34,26 
69 66, 2620, 31119 13,8734, 5 
70 
5 
72 


66 562983 20,3210 120 | 114,83 | 24,84 


—  — 


55 52,029 1 5,966} 105 100,47 ö [148432 45,00 
| 
| 


| 

97869] 2,903 bo |57,41417,418|| 110 | 105,26] 31,93 
| 
| 


” EEE 


| 
| 
| 
| 
34 3.5535 9,870 [84 80, 380 24, 385 134 128,22 38,90 || 184 | 176,07 | 53,42 | 
33,491 [10,160 35 833624875135 j129,18| 39,19 || 185 [177,03] 52,71 | 
| 
| 
| 
| 
| 
| 


36 34,448 10,451 [ 86 82,293 24, 966 136130, 14 39,48 186 177,98 54,00 | 
37 [35495] 10,741 87 83,2502, 256 137 [131,09 39,77 [187 178,944.29 
38 36, 3621,31 88 [84,207 255840 138 132, 05 40,06 188 179, 9054,58 
| 39 37319 117.322 89. [855164|25,837j} 139 [133,01 [4,35 | 189 [180,85] 54,87 | 
40 38,276 8,276 11,012 | | | 


go [86,121]26,127]| 140 133297 4%4 || 190 181,81 [55,16 | 
39.233 1 1,902 | 


91 [87,078 20,417].141 1134,92140,93 [191 182,77| 55,45 
42 4,992,193 92 85,035,708 142 [135,88 [41,22 192 1183,72|55,74 | 
| 43 47,1481, 3 93 J88, 992 20,9981 143 136, 84 41,51 [193 184,68] 56,23 
1 44 |42,104[12,773}} 94 89, 9492, 2 38 [144 | 137,79] 41990 [94 185,04.| 56,32 
| 45 | 43,000 13,063} _95 90,905127,575} 145 138,75} 42,09 195186 60 56,61 | 
| | "46 | 44,017 44,017 13354] | 2 ” 91,862 860 146 139,711 42,38 | |187,55|56,90 | 


1 4 44.974 13,644 92,8 1928, 159 1414, C6 42,67 || 197 |188,51|57,19 
b 1 4 48.885 13,934 55 93.77628,449 148 141.624,96 || 198 | 189,47 |57,48 
| 49:14 15 14,225 || 99 94,3328, 74 149 142,5843.25 | 199 | 199,421 57,77 
| 50 [473845 45 14,515 100 955690 295030 150 143834354 200 [191,38 58,06 


j - — ee | Di. | * 6.5 5 i. | 8 1 at, | Dit. | Dep. ILL 


Traverſe Table for r 


2 Point. N. b E. E. N. b W. 2 W. 


S. B E. K E. S. b W. : W. 


it. D. Lu. ] Dep. q| Dit. | D. Lat.] Dep. Dt.. Lat. Dep. || List.“ D. Lat. Dep. 
1 | 0, 941] 0, 33751 46,016 1182 101 3 151 142,17 50,37 
2 | 1,353] , 674 [52 48,981,519 i 102 | 96,331 34,39 | 152 [443,41 | 51,21] 
32,325 1,01 53 49,891,350 103 | 96,97 [34579 {| 153 | 144,95 | 51,55 
; 4 | 33769| 1,348 || 54 |50,341]18,193 14 97,2 35,04 i| 154 | 144999 | 51,88 
 _5 | 4703] 1,084} _55 | 51,732118,529 | 105 | 95,86|35,37 i 155.1 145,93 | 52,22 
65,549 2,021 |} 50 52, 72418, 866 || 106 99,89 35,7156 | 146,87 | 52,56 
1 6, 591] 2,356 57 53,66 5 19,203 107 ] 100,74 39,05 157 | 147,92 | 52,5 
8532 2,695] 58 54,001, 540 || 108 | 191,08] 39,39 |} 153 [145,76 | 53,23 
9. 8,474 3,032 | 59 55,5481, 877 || 109 102,62|6,72 || 159 [149,70 | 53,57 
10 [9415 3,369 || 60 56,492,214 [110 | 193,56 37,-0 jj} 190 | 159,04 t 53,90 
11 10, 356 3,706 || 64 |57,431-|20,551 111 104, 5137, 401610151, 54,24 
12 11,298 4,023 % 62 58,373 20, 888 112103, 4337,73 |} 162.-| 152,52 | 54,58 
13 [12,239 4,330 || 63 | 59,314 f21,2 25113 100, 3938,07 I 163 [153,49 | 54,91} 
14 [13,101] 4,717 jÞ 64 (6, 25621, 562 [ 114 | 107,33] 38,41 || 164 | 154,41 | 55,25}. 
15 [14122] $5,953 || 65 [61,197|21,898 || 115 |198,27]38,74 || 165 [155,35 | 55,59 
16 [15,004| 5,390 [ 66 62,139 22,235 || 116 [109,21 | 39,08 |} 166 | 56, 2953,93 
17 [19,005] 5,727 || 67 |63,080|22,572 || 117 |110,16}39,42 || 167 | 157,23 | 50,26 
18 6,947 6,064 || 68 |64,022[22,909 118111, 1039,75 || 168 | 153,17 | 56,60 
19 [17,883] 6,401 || 69 |64,963|23,246 119 [112,04 49,09 ||-169 | 59,11 | 56,94 
| 20 [18,830 6,738 70 65,905 23,583 || 120 |112,98149,43 || 170 | 160,05 | 57,27} 
21 [10,771] 7,973 || 71 66, 846 23, 920 121113, 9240, 76171 | 161,00 | 57,61 
22 [20,713] 7,412 || 72 [67,788 24, 237 122114, 8641, 10 172 161,94 57,6 
23 21,654] 7,749 [73 68,729 24,594 123115, 8041, 44173 | 162,83 | 53,28 
24 122,596] 8,086 |}. 74. 69,7124, 931 || 124 116, 7541,78 174163, 82 68,62 
25 [23,537] 8,422 [ 75 [20,612 25, 267125117, 6942, 11 || 195 | 164,76 | 58,96 
26 [24,479] 8,759 |. 76 |71,554|25,604 | 126 [118,63142,45 || 176 [165,70 | 59,29 
27 [25,420] 9,96 77 |72:495|25,941 || 127 [119,57142,79 || 177 | 166,65 | 59,63 
28 [26,392] 9,433 78 13-4372 26,278 || 128 120, 6143, 12 || 178 197,59 | 59997 
29 [27,393] 9,770 [ 79 737826 615 129121, 4543,45 || 179 | 168,53 |60,31- 
30 [23,245] 10,107 | 80 |75,320|26,952 || 130 |122,39[43,8> || 180 | 169,47 [60,64 
31 29, 18610, 444 81 |76,261|27,289.]] 131 |123,34|44,13 181 170, 4160, 98 
32 30, 128 10,781 82 77, 20327, 626 || 132 124, 2844, 47182171, 35 61,32 
33 |31,069|11,118 || 83 78,4427 963 || 133 125,22 44, 81183172, 2961,65 
34 |32,011|11,455 ||. 84 | 79,086; 28,300 || 134 | i26,16]45,14.}] 184 |173,24 |61399] 
35 32.982 11,791 I 85 80, 027 28,636 || 135 [127,10[45,43 || 185 | 174,13 162,33 
36. 33,894 11, 12,128 [ 86. 80, 969 28,973 || 136 þ128,04|45,82 || 186 | 17 5,12 92,66 
37 34,835 12,465 87 181,910129,310 || 137 128, 9946,16 || 187 | 176,00 [63,90 
38 35.7712, 802 | 88 [32,852129,647 |} 138 [129,931 46,49 [188 [177,00 63,34 
39 36,718 13,139 ||. 89 83,793 29,984 | 139 | 130,87 | 45,83 || 189 | 177,94;| 53,67] 
. [37,660| 13,476 e [84735 32,321 || 145 [131,81[47,17 [190 [178,88 [64,9, 
41 33,0113, 13 [91 85,76 30,658 || 141 [132,75 47,50 || 191 179,83 [64,35 
42 [39,543 14,150: 92 [86,618] 30,995 142 [133,09] 47,84 || 192 | 139,77 | 64,68 
43 [42455149437 | 93 [$7,559] 31,332 If 143 134,03] 43,18 [193 [101,71 105,024 
44 |41,427|143827 || 94 | $8,501[31,669 | 144 [135,58] 48,5194 182,655,636 
45. [42,368 15,160 | 95 89, 442 32, oo 145 136,52 48,85 || 195 [133,59 25570} 
| 46 [43,310|15,497 | 96 | 90,384-| 32,342 | 146 [137,46] 49,19 || 196 | 134,53 | 66,03] 
47 [44,251115,834 | 97 [91,325 32,679 147 [138,40 49,52 |} 197 185,48 66,37 
| 48 |45,193|16,171 | 98 92,267 33,015 | 148 | 139,34] 49,86 || 198 | 136,42 | 66,71 | 
49 46, 13416, 508 | 99 95.06 33,353 149 140, 2850, 20199 137,30 [67,04 1 
50 [47,075|16,844 100 | 94,150 32-692 | 150 [141,22 5,3200 188,30 57,38] 
Diſt. | Dep. 5. Cat. || Dit. | Dey VEL Lat. þ Dif. | Dep. D. Lat. Dig. ep. jDLat 
Six 2 Pots. E. NE. 2E. E LE. W. N. W. W. W. S. W. 4 W. 
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Traverſe Table for 2 Points. N. N. E. N. N. W. S. S. E. S. S. W. 
ift. 5. Lat. Dep. | Diſt. |. Lat. ep. { Diſt. far Lat. | 15 | Dit. II. Tat. Dep. 
1 | 0,924 0, 383 51 [47,119 10,516 101 93,3 138,65 | 151 [139.51 | 57,59 
21,848 0,705 52 148,943| 19,900 | 102 | 94,24139,03 | 152 [149,43 | 58,17 
3 2,772| 1, 148 53 48,967 20,283 103 95,10 39,42 153 | 141,30 58,55 
| 4| $095| 1,530 | 54 [49,891 [20,6564 104 | 96,09139,80 | 154 | 142,28 | 58,94 
_5 | 4619] 1.913 } 56. 5281421948 | 105 | 97,01 [4918 | 155] 143325 [59.32 
| © | 55543] 2,296 | 56 [54,735 [21,431 106 |. 97,93 [40,55 | 155 | 14413 | 59,70 
| 7 | 6,464 2,079 57 |52,062 21,514 197 | 98,89 [40,95 137 145,25 [60,08 
$ | 72391| 3.061 58 63,585 22,197 108] 99,78 [41,33 || 158] 145,98 00,47 
9 8,315| 3,444 59 54,510 22,79 || 109 | 100,71 [41,71 | 159 | 146,90 60,85 
10 | 9,239! 3,827 j| 60 |55,434]22,902 | 110 101, 6342,10 160 | 147,82 [61,23 
11 [10,163] 4, 210 61 |56,358]23,345|| 111 | 102,55 42,48 161] 148,75 [61,61 
| 12 [11,087] 4,592 | 62 |57,282[23,727 [112 103, 4842,85 162 | 149,67 [62,59 
| 13 112,011 4,975 63 58,206 24z1IO| 11% [104,40 42,24 103 150,60 62,38 
4 14 12,935 5,358 || 64 59, 130 24,493 || 114 | 105,232 | 42,03 |} 164 151,52 62,76 
15 5,740 j| 65 [65,953]24875Þ 115 [106,25 421 165 | 152,44 [63.15 
| 16 [14,782] 6,123 || 66 [50,997] 25,258 | 116 | 109,17 [44,39 || 166 | 153,37 [63.53 
| 17 15, 706] 6,505 | 67 [61,901 25,041 117 | 108,10 [44,77 || 107 | 154,29 163,91 
| 13 16,630] 6,839 i| 68 62,825 26,022 118 | 109,02 | 45,16 || 168 | 155,21 {64,29 
19 17,554] 7,271 || 69 (63, 74926, 406119 109,94 | 45,54 | 169 | 156,14 [64,63 
| 20. 18,478 72554] 79 [64,673] 26,789 || 120 | 110,87 | 45,92 | 170 157,06 165,06 
21 19, 406 8,537 | 71 |65,597|27,172þ 121 111,79 46,31 171 | 157,99 [65,44 
| 22 20, 322 8,419 72 [66,521|27,554 || 122 112,72 46,69 | 172 | 158,91 [65,85 
232,250 8,802 73 [67,445[27,937 þ 123 [113,04 | 47,07 | 173 | 159,83 [66,21 
24 22, 174] 9,185 || 74 (68,369 28,30 124 [114,56 | 47,45 || 174 | 169,76 [66,9 
25 123-097] 9,507} 75 [09,292|26,702 || 125 [115,49 | 47,84 | 175 151,68 166,97 
1 26 [24,021] 9, 950 76 70, 21629, 8 5126116, 4148,22 176 | 162,51 [67,36 
27 24,9451, 333 77 71, 14029, 468127117, 3448, 60177 | 162,53 169,74 
23 [25,869 10,16 78 72, 06429,8 51128118, 2648,98 || 178 164,45 [68,12 
29 26, 7931,98 79 72,988 30,233 || 129 119,18 49,37 || 179 | 165,38 68, 30 
30 [27,717] 11,481 80 [73,912 355616130 |120,11149,75 189 | 166,30 [68,89 
| 31 28,640 11,864 | 81 74,836 20,999 || 131 | 121,03 | 5,13 || 181 | 167,24 [60,27 
32 |29,505|12,246 || 82 [75,762|31,381- 132-|121,95| 50,52 || 182 | 168,15 [69,55 
33 | 30,489 | 12,02 83 [76,684] 31,704 || 133 | 122,88 | 50,90 || 183 | 169,07 170,03 | 
34 31,413 13,012 84 |77,098| 32,147 || 134 | 123,80 | 51,28 || 184 | 179,00 179,42 
35. |32»339, 134394 || 85 [78,531] 32,529 || 135 [124,73] 51,66 || 185 | 179,92 [79,80 
36 33,260 1775 86 [79,455 32,912 136 123,65 52,05 || 189 | 171,85 71,18 
37 34,184 | 14,100 87 185,379] 33,295 || 137 126,7 52,43 || 187 [172,77 [71,50 
38 35,08 14.543 88 [81,303 33,078 || 138 [127,50 | 52,81} 198 | 173,09 [71,95 
-39 39,032 |14,925 89 [82,227] 34,050 || 139 |128,42| 53,19 || 189 | 174,02 72,33 
40 36,056 15,308 || 92 184,151} 34,443 || 140 [129,35] 53,58 | 199 | 175,54 [72,71 
| 41 [37,880j15,691 || g1_ 181,075] 34,826 || 141 |130,27|53,96 | 191 | 175,46 [73,19 
42 38,8 416,073 92 84.999 35,208 || 142 | 131,19] 5434 || 192 | 177,39 [73,4 
43 39.728 16.456 | 93 85,23 35,591 | 143 | 132,121 54,72 || 193 | 178,31 [73,80 | 
44 40,62 16,830 94 [85,847| 35,274 || 144 | 133,04 | 55,11 || 194 | 179,24 | 74924 
45 1415751174221 || 95 [87,770 29,356 | 145 [13397 | 5549 || 195 | 189,16 [74,03 
46 42,4991), 604 96 88 694 36,738 || 146 [134,89 | 55,87 || 196 | 181,08 | 75,91 
47 143»423|17,989 || 97 89,618 37, 121147 [135,81] 56,26 || 197 | 182,01 |75,39 
| 48 144,347] 18,370 || 99 90,342 37,594 || 148 | 136,74 | 56,64 || 198 | 182,93 [7577 | 
49 145,271]18,752 || 99 [91,466| 37,886 || 149 | 137,66 57, 2 || 199 | 183,86 [79,1 
50 146,195[19,135 [100 92, 390 38,269 || 150 | 138,58 | 57,40 || 200 | 184,78 76,54 
Diſt, Dep. 1D. Lat. I Diſt. | Dep. E. Tat. | Dit. | Dep. }D.Lat. Diſt. | Dep. ID. Lat.] 
| 6 Points, E. N. E. W. N. W. E. S. E. n 
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Traverſe Table for 2 1 Points, N. N. E. 3 F. N. N. W. 1 W. S. S. E. E. S. S. W. r W. 
i D Dit, D. Lat, Dep. || Diſt. D. Lat. Dep Lift. D. Lat.] Dep. Diſt. iD. Lat. | f 
1 | ©,994 | 428 51 46, 427,808 | 101 9,3043, 19 151 136, 5064.57 
| 2 1,858 | 0,855 }} 52.47, 08 22,235 i| 102 92, 21 43,61 152 137, 4163, 0 
3 2,712 | 1,283 53 [47,91222 663 10393, 1144, 04153 [138,31 65,2 
4 3,615 | 1,10] 54 48,816 23, 90 | 104 94,0244, 471564139, 2263,85 
5 | 4529 | 2,138 55 [49,720 23,518 | 105 94,02 44,90 || 155 [14,12 6,8 
6 | 5,424 2,555 56 5,2423, 946 1056 95,82 45,33 || 156 141,52 66,71 
76,328 2.993 57 1, 52824,373 | 197 96, 7345,73 || 157 (14,93% 3 
8 7,232 | 3,429} 58 52, 43224, 801 || 108 97, 63 40,18 158142, 8367, 56 
9 | 8,136 | 3,348 59 53,336 25,228 || 109 | 98, 54 46,01 | 159 143.7467, 99 
10 | 9049 | 4,270 | 60 [54,240[25,056 j| 110 | 99,44 47.041650 144.64 68,42 | 
11 9,944 4,704 | 67 535,144 26, 084111 100,34 47,46 161143, 5468,84 
12 | 10,848 | 5, 131 62 56,048 26,5 11112101, 25 47,89 162146, 45 69,2 
Ei 55590 [ 63 36,952 26,939 | 113102, 1548,32 1} 103 |147,35|69,70 
14 | 12,656 5,985 | 6457,86 27, 36614103, 05 48,7, 164148, 2670, 13 
15 | 13,560 [6,414 65 58,760 27,794 || 115 103,96 49,17 [165 149,167, 5 
16 | 14,464 | 6,842 | 66 59,664 28,222 116104, 85 49, 60166 1 50,06 | 70,93 
17 | 15,368 | 7,269 | 67 [60,568 28,649 || 117 | 105,771 59,03 }} 167 | 150,97! 71,41 
18 | 16,272 | 7,697 || 68 [61,472|29,077 || 118 | 106,67 |50,40 | 168 151,87|71,83 
19 17,1768, 124 69 62,376 29,594 || 119 107, 5850, 88169 152,78 72,26 
20 | 18,080 | 8,552 70 63, 280 29,932 120 | 108,48 51310172 153,68 72, 9. 
21 [18,9848 980 71 64, 18430, 360 121 99,338 [51,741] 171 1154,58|73,12 
22 19,888 9-427 | 72 65,088 30,787 122110, 2952,17 || 172 t 55349} 73555 
23 | 29,792 | 9,835 73 [05,992[31,215\| 123 |111,19| 52,59 [173 Ll 56,39| 7 3597 
24 | 21,096 [10,262 | 74 66, 896 31,042 || 124 | 112,10] 53, 2174157, 30 74,40 
25 | 22,600 [10,690 | 75 [67,800]32,070 || 125 [113,00] 53,45 || 175 [159,20]74,83 
26 | 23,504 [11,118 | 76 63,704 32,498 126 113,90| 53,88 176139, 1075,26 
27 | 24,408 [11,545 77 69, 608 32,925 j 127 [114,81] 54,31 || 177 160, 173, 68 
| 28 | 25,312 [11,973 78 |70,512|33,353|| 128 [115,71] 54,73 || 178 [160,91 76,1 
29 | 26,216 12, 400 [ 79 71, 416 33,780 129116, 6235, 10 | 179 161, 8276,54 
30 | 27,120 [12,928 80 72,300 34,208 130117828559 || 150 162,72] 70,97 
31 28,924 [13,256 | 81 73,224. 34,036 || 131 [118,42 | 56,02 181 163,62 77, 40 
32 | 28,928 13,683 | 82 74,128035.,063 | 132 119,335, 44182 164,5377,82 
33 | 29,532 4,111 | 83 [75,032] 35,491 | 133 | 120,23] 56,87 || 183 |165,43; 78,25 
34 | 329,736 [14,538] 84 | 75,936] 35,918 || 134 | 121,14 | 57,30 j| 104 | 106,34 78,68 
135 | 31,640 [14,9656 [ 85 | 76,840] 39,346 | 135 [122,94|57»73 || 185 [167,24] 73,11 
35 | 32,544 [15,394 || 86 | 77,744] 30,774 || 136 | 122,94| 58,15 || 180.168, 1479,53 
37 | 33-448 [15,821 | 87 78,648 37,201 || 137 | 123,85 58,58 || 187 | 169,05 79,99 
38 | 344352 16, 24988 [79,552] 37,029 | 138 | 124,75| 59,01 || 188 | 169,95] 89,39 
39 | 35,256 16,676 89 |80,456] 38,956 | 139 125,06] 59,44 || 189 | 170,86] 80,82 
40 | 36,160 17194 | go | 81,360] 38,484 || 140 | 120,50 50,86 190 171,76 81,24 
| 41 | 37,054 [17,532 9182, 264 38,912 141127, 46 60, 29191172, 660 81,67 
42 | 37,968 17,959 | 92 |83,168| 39,339 || 142 |128,37| 60, 72192173, 57 82,10 
43 | 39,872 [18,337 | 93 |84,072| 39,707 || 143 | 129,27 61,15| 193174, 47 82, 53 
44 | 39,776 18,814 94 84.976 40, 194144130, 1867,57 || 194 | 175,38] 82,93 
| 45 40,680 19, 242 || 95 85,880 40,022 || 145 131,08 62,00 195 | 176,28 83,38 
46 | 41,584 | 19, 670 96 86,784 41, 50146 131,98 62, 43196 [177,18 53,81 
47 | 42,488 |20,097 | 97 87,688 41,477 || 147 [132,89 62,86 197178, 0984,23 
48 | 43,392 20, 325 98 |88,592[41,905 || 148 | 133,79|63,28 || 198 | 178,99| 34,65 
49 | 44-296 | 20,952 || 99 89, 49642, 332149134, 7063, 1199179 9085, 99 
50 | 45,200 21,380 100 oo, 400 42,760 159 125,00 04,14 || 200 180, 30 83,82 
Dit. | "Dep. P. Lat. Dit. | "Dep; D. Lat. Dif Dep. | D.Tae.l] Dit. | Dep; {D.Lit. 
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Traverſe Table for 2 2 Points. N.N.E.: E. N.N.W.iW. 8. S. E. 2 E. S. S. W.! + W. 


Diſt.] D. Lat. | Dep. Diſt. on Lat. | Dep. || Diſt. D. Lat. | Dep. [|| Diſt. | D. Lat. { Dep. Be . 
1 | 0,882] o, 4710 51 [44,977|24,041 || 101 | 89, | 47,01 [|151|133,17|71,18 
2 1,764 0,943] 52 |45,859|24,513|| 102 | 89,95 | 48,08 || 152 [134,05 | 71,65 
3 | 2,646 1,414 53 [46,741]24,984 || 103 | 90,84 | 43,55 [| 153 | 134,93 [72,12 
4 | 3,528] 1,886 54 [47,023[25,456 || 104 | 91,72 | 49,03 || 154 [135,81 | 72,60 

_5 | 4410] 2,387 55 148,504|25,927 || 105 | 92,00 | 49,50 [|155 | 136,69 1397] 
6 | 5,291] 2,828] 56 49, 386 26,398 |] 106 | 93,43 | 49,97 [|150 [137,58 | 73,54 
7 | 6,173] 3,300 57 |50,268|26,870 || 107 | 94,36 | 50,44 [| 157 | 138,46 | 74,01 
8 | 7,955] 3,771 58 |51,150127,341 | 108 | 95,24 | 50,91 158 [139,34 | 74,48 
9 | 72937] 4,243 59 52, 03227, 813109 96,13 | 51,38 [|159 140,22 74,95 
10 | 8,819] 4,714 60 52,914 28,284 110 | 97, 0151,85 [160 | 141,10 75,42 
1x | 9,701] 5,185 61 [53,796|28,755|| 111 | 97,89|52,33 || 161 141,99 [75,90 
12 10,583] 5,657 54,678|29,227 || 112 | 98,77 | 52,80 || 162 [142,87 | 76,37 
13 [11,465] 6,128 55560 29,698 || 113 þ 99,65 [53,27 [163 [143,75 |76,84 
14 12,34) 6,600 56,442 |.30,170 || 114 | 100,54 | 53,74 || 104.1 144,36 [77,31 
15 |13,228| 7,071 $7323] 39,041 || 115 [101,42 | 54,21 || 165 [145,51 [77,78 
16 14, 110] 7,542 58,205 31,112 116 | 102,30 | 54,08 166 | 146,40 78,25 
17 14,992 8,014 59, 87 31,584 || 117 | 103,18 | 55,15 [| 167 [149,28 |78,72 
18 15,874] 8,485 39,969 32,055 || 118. 104,06 | 55,02 || 168 | 148,16 | 79,19 
19 16,756 8,957 60,851132,527 ||-119 | 104,95 | 56,10 [| 169 [149,04 | 79,67 
20 17,638 9,428 61,733] 32,998 || 120 | 105,33 | 56,57 [7149,92 [89,14 
21 18,520] 9,899 62,615 33,496 121 | 106,71 | 57,04. 171 | 150,80 85,0 
2219, 402 10,371 63,497 333941 || 122 107, 89 |57,51.]|172 151, 6981,03 
2320, 28410, 842 64,379 34-412 || 123 | 108,47 | 57,98 [173 [152,57 [81,55 
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38 [33,512] 17,913 77,041,483 || 138 |121,70|65,05 || 188 | 165,80. | 88,02 

39 [34,394] 18,385 ||. 78,489 41,955 || 139 | 122,58 |65,22 || 189 | 166,68 | 89,09 

40 [35,276\ 18,8 56 19-3711 42,426 | 140 | 123,47 |66,00 || 199 16778689287 
41 36,138 19,327 || 80, 253 42,897 141 | 124,35 |66,47 || 191 | 108,44 | 99904} 

42 137,949] 19,799 $1,135143,369 þ142 | 125,23 |66,94. || 192 | 109,32 |99,5!| 

43 37,922 20, 270 92,017 43,840 || 143 | 126,11 |67,41 |} 193 170, 2190,98 
44 | 38,804| 20,742 || 82,899 44,312 || 144 | 120,99 | 67,88-]] 194 [171,09 | 91,45] 

45 |39,085| 21,213 83,789 44,783] 145 | 127,88 [68,35 [| 195 [171,97 | 9192 
4640, 567 21,684 96 [84,662 45,254 146123, 7668,82 |} 196 [172,85 92,39 
47 [41,449] 22,16 97 [85,544| 45,726 þ.147 129, 6469, 309 173,3 92,87 
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15 12,865] 7.711 65 [55,750|33,416}| 115 98,649,120 105 [141284783 
| 15 [13,723] 8,226 || 66 56, 50833, 931116 99, 4959,64 166 142,38 85,35 
17 14,81 8,740 67 | 57,466] 34, 45117100, 3560, 15 167 143,24 85,85 
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25 19,325 15,860 75 [82222547680 125 135527 11,02 
26 20, 098 16,494 76 [58,748 48,214 126 | 136,05 141,05] 
27 |20,871|17,129]] 77 |59,521148,849]] 127 136,82 | 112,29 
28 |21,644|17,763]| 78 60, 29449, 483 128 137,59 112,92 
29 22,417 18,398 79 [61,67 50,118 129 138,37 113,56 
30 o 61,840 55,762 130 139,14| 114,19 


81 [62,613 51,386 131 
82 63,386 52,021 132 
83 64,159 52,655 133 
34 [04,932 |53,290|| 134 
85 [55:795| 53-924 || 135 
86 166,478] 54,558] 136 
87 [67,251]55,193]] 137 
88 |68,024|55,827 || 138 
89 168,797 | 56,452] 139 
140 
91 70, 34357730 141 
92 |71,116]58,365|| 142 
93 71,8898, 999 143 
94 72, 662 59,634 || 144 | 
95 |73:435|99,268|| 145 
96 74, 20860, 902 146 
97 74.981061,537 147 
98 75.75462, 171148 
99 76, 52762, 806 149 
100 77:300 63, 440 150 
| Diff. | Dep. P. Lat Dif. 


139,91 | 114,83 
140,09 | 115,46 
141,46|116,09] 
142,23|116,73 
143,00|117,36 
143,78 | 118,00] 
144,55 118, 63 
145,32119,27 
146,10 119,19 
146,87 | 120,54 
147,04|121,17 
148,42 | 121,80 
149,19 | 122,44 
149,96 | 123,07 
150,73] 123,71] 
151,511 124,34 
1152,28 124,98 
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Traverſe Table for 3 2 


L Points, N. E. bx. E. N. W. b N. 2 W. 8. E. b S. 1 E. S. W. b S.; W. 


1 Diſt. D. Lat, | Dep. Diſt. | D. Lat.| Dep {| Ditt. D. Lat.] Dep. Dit. DB. Lat Lep. 
1 | 0,741 | 0, 6710 51 | 37,791 342.52 101 74,84] 67,83 151 [111,89 101,41 
2 | 1,482 1,343 52 | 38,532 34923 i102 | 75;58| 68, 80152 [112,63| 102,08 
3 1 2,015 53 39,273 35,595] 103 76.32 69,17 153 [113,37 102,75 
4 | 2,904 | 2,686 54 40, 01436, 260 104 77,06] 69,85 154114, 11103, 43 
— 2, 38 492285 36,938] 1056 77,80| 79.862155 [114,85] 104,10 
6 4446 4,029 50 [41,499] 37,610] 106 78,5 71,19 156 [115,60|104,77 
7 | 5,187 | 4,701] 57 [42,237] 38,281 107 79, 29 71,80 157 [116,341 105,44 
8 | $5,928 | 5,372 58 [42,978] 38,953] 108 | 80,03] 72, 53158117, 08106, 11 
| 9g | 6,068 | 6,044 59 43.719 39,624] 109 80, 77 73,20] 159 |117,82|106,78 
10 | 7,429 | 6,716 60. 44,460] 40, 2966110 81,51 73,88 160118, 56 107,46 
11 | $8,151 | 7,388 ][ 61 [45,201 40, 968 111 82,25 74,85 161119, 30 105, 13 
12 | 38,892 [8,059] 62 45,942 41,039] 112| 82,99 75,22|| 162 [120,04 | 108,80 
13 | 9-033 | 8,731] 63 [46,633] 42,311] 113] 83,73] 75,89] 163 120,78 109,47 
14 10, 374] 9, 402 64 |47,424|42,982}| 114 | 84, 47] 76, 56 164 |121,52|I10,14 
15 11,115 1,04 65 [43,1051 43,054] 115 85,21] 77, 23165122, 261 10,81 
16 11,836 10,746 66 438,906 44,326 116 85.96] 779 1 166 123,011,449 
17 12,971,417 67 49,647 44,997 117 | 86,70] 73,58 167 123,75 112,16 
18 13,338 12,89 68 | 50,388] 45,669] 118] 87,44] 79,25 168124, 49 112,83 
19 14,079 [12 560 69 [51,129 46,3400 119 88,18] 79,92 169125, 23113, 50 
20 14,820 13,432| 20 51,8704), 012 120 | 88,92] 80, 59 170 123,97 114,1) 
21 [15,561 14, 104 71 52,611 47,684 121 89,66] 81,26 171 [126,71 114,34 
22 16,302 [14,775] 72 53,352 48, 355 122 90, 40 81,94] 172 [127,45|I15,51 
23 [17,043 13, 447 73 54,093 49,027] 123 | 91,14| 82,091} 173 [128,19]116,1 | 
24 17,784 |16,118]] 74 54,834 49,698] 124 | 91,88] 83,28] 174 128,3 116,86 li 
25 18.825 [16,790 75 5545751 59,370] 125 | 92252 83,95] 175 [129,67[117,53] 0 
26 1, 266 17,462 7656, 316 51,42 126 93, 37 84,62 176130, 42 18, 20 i} 
27 |20,007 |18 1330 77 57,0571 51,713] 127 | 94,11] 85,29]| 177 [131,16|118,87 1 
28 20, 748 18,8 05 57,798 52, 38 8 128 94,85] 85,96 178 [131,90|119,54. i 
29 21,489 19,476 — 58,539 53,56 129 95,59 86,6479 132,642, 2 ht 
30 [22,230 25,148 80 |59,280| 53,728] 130 96,33] 87,31 180 133, 38120, 89 ill 
| 31 22,971 [20, 820 $1 60,021 54,499] 131 | 97,07| 87.98|] 181 [134,12|121,55] 10 
32 123,712 [21,491 82 60, 76255, 132 97,81] 88,65 182 134,86 122,23 n 
| 33 24.433 22, 163 83 61, 50356, 7430133 98,55 89,32 183 135,0 122,90 * 
| 34 235,194 22,834 84 62, 24456, 414134 99,29 89,99 184 |130,34|123,57 MN 
35 2238.222808 [62,985 | 57,086] 135 | 109,03] 90,67 || 185 [137,08 | 124,25 4 
| 30 [26,676 24, 178 86 [63,726|857,75] 136 [100,78 | 91,34 186 |[137,63| 124,92 1h 
| 37 127,417 24, 849 87 [64,467 38, 429 137101, 52 92,01: 8 8 11 
| 38 28,158 23,521 88 65, 20859, 1010138 102, 26 92, 68 il 
| 39 28,899 26,192 89 [65,949 599772] 139 | 193,00] 93,35, 14 
40 29,640 26,8654 go 65,69 60,441] 140 | 103,74| 94,02 i 
41 [30,381 27,532 91 [67,431 61,116) 141 |104,48| 94,70 10 
42 131,122 28, 20 92 68, 172 61,787 142103, 22 95,37 it! 
43 31,863 [28,879 93 [68,913 | 62,459] 143 | 195,96 90 6,04 14 
| 44 [32,604 29, 530 94 69, 65463, 1300 144 106,70] 96,71 0 
45 [33345 30.222 95 [79,395 | 63,802] 145 |107,44| 97,38 
| 46 [34,086 | 30,894 || a6 71, 136 64,474 146 | 108,19| 98,05 
47 34.827 31,565 97 [71,877 |65,145| 147 | 108,93] 98,72 
| 48 35, 568 32, 237 98 [72,618|65,817]| 148 | 109,07 | 99,40 
49 [36,309 32, 90899 73.359 66,488] 149 [11,41 100,07 
50 [37,950 33:80 lo 1 — 67,160] 150 |111,151109,74 
} Diſt; | Dep: P. Lat. Biff. Dep: | B. Tail Dift. Dep. P. Lat. 


I * N. E. r. N. W. 3 W 


. ET E S. W. 2 W. 


N. W. 


Traverſs Table for 4 Points. N. F. S. E. 8. W. | | 
ſ Dit. D. Lat.] Dep. Diſt. D. Lat.] Dep. Dit. HD. Lat.] Dep. T 
KS 5 36,062 | 36,002 | 101 | 71,42 71,42, 151] 106,77] 106,77 [ 
2 | 36,769| 36,769 102 | 72,12 * 152 10%, 48 107,48 | 
# 3 374 6137,476] 103 | 72,83 72, 8 31153 108, 19 108,19 
| 4 38,1331 38,183] 104 | 73,54 73-541 1541 19829 108,89] 
F 5 5 38,890 38,890 105 | 74425 14925; 155 | 109,6b0o[ 109, 60 
} 6 39,598 39,598 106 | 14995 14951 156 I10,3i| 110,311 
7 440, 305 40, 305 107 | 75566 7865 157 | 111,01} 111,01}. 
8 | 41,012 41,012 108 | 76,37] 76,37 158 [117,2 111,72 
9 | 41,719]41,719]] 109 | 77597] 77071159 [112,43] 112,43] 
ro | 42,426142,426] 110 | 77,78] 77,78 [190 |113,r4}113,14] 
11 43,133/43,133 111 J 78,49] 78,4961 [113,84 113,84 
12 43,84 43.84% 112 | 79,19] 79,19] 162 [114,55] 114,55], 
\ WE 44+547 [444547 | 113 | 79999] 79% 016315, 20115, 26 
14 45,2 5443, 254114 8, 61] 85,61½164 [115,96 115,96 
| is | 45,961[45,961}} 115} 81,32} 81,32 165 116,6) 116,671 
16 46,669 46,569 j| 116 |. 82,02] 82,0216 Fr19,38] 117,38 f 
1 17 47-376147,376]| 117 | 82,73] 82,73 ½67 118,09 118, 
; 18 48,083 48,083 118 | 83,44] 83, 44168 118,79 118,79] 
+ 19 48,790 48,9119] 84414] 84,4169 119,0 119,59] 
| 20 70 149,497 [49,497 || 120 84,85 84,35 170 120,21] 129,21 | 
21 50, 20450, 204 121 | 85,56 83,6171 120, 91120, 91 
22 50, 91150, 911 122 | 86,27]. 86,271 172 121,02] 121,62 | 
22 $1,618|51,618}} 123 | 86,97 86,97|173 f122,33} 122,33} 
| 24 4 [52,325|524,325|} 124 | 87,68] 8.68174 123,4 123,04| 
25 75 53.032 53,032 125 88.39 88.39 2237/23. 
26 53,7400 53,740 126 | 89,09] 89,09] 179] 124,45] 124,455 
22 7 [543447 [54447 || 127 | 89,80] 89,877 (25,1628, 160 
28 55,15453, 154128 90,51] 90, 5178 126, 8612,80 
29 55,861|55,801 129] 91,22Þ 97,2279 12,57 126,5) 
30 36, 568 56,868 139[.9192 91,92 180 [127,29] 127,28} 
31 57,275 57,275,131] 92,63 92,63} 101 [127.98 127,98 
32 57,982 [57,982 | 132 93,34 93.341822 9,0 128,69 
33 58,689 38,689 [133 94,04 94, 04183129, 40 129, 49 
34 59,396 59, 396134 94.75 94.7584 430, 1138,11 
35 00,103] ,103 || 135] 95:49] 95,40 195 [130,81 [139,91 | | 
36 60,811 60,811 136 96,17 96,17] 186 [131452 131,52| 3 
7 61,518|61,518|| 137, 96,87 96,87 | 187 1132,23]132,23 3 
38 62,22 362,223 138. | 97,58 97,58 188 [132,93[132,93 ; 
39 62,932 152,932| 239 | 98529} 98,29} 159 13364] 133,04 5 
40 63,039[63,039]-149 | 98,99] 2222 2 134435] 13435 I 
41 645345 64,346 1471 99,70 90,7091 135,06 135,06 [ 
42 65,053 155,053] 142 | 100,41 | ro, 41192 135,761135,70 3 
43 65,6065, 143 | 101,12] 101,12 | 193 [135,47 [130,47 | 
44 66,467 66,467 144 | 101,82 | r01,82] 194 137,18} 137,15 1 
45 67,174467,174}-145, | 102,53] 102,53 195 [137,38þ137,59| | 
46 67,882 67832146103, 24103, 24196138, 138,59 4 
47 03,589 68, 589 147103, 4 1930137 139,30 139,30 1 
48 | 60,9669, 296148 10405 194565! 1 40,0 : 4 
49 70,003 [70,004 149 [105,367 105,36 * 
2 2355 01 70,710 [70,710 108 56| 10%,96 nn 
Din. ep. IND. Lat. Dit. | Dep, 17 Lat Di. Dep. ID. Lat.. 


Four Poluts. N. E. N. W. S. E. S. W.. 


2:1: MFI 
The USE. of the fo TABLE, is for working the courſes and diſtances failed, in 
each day; by this table are found, how many miles the ſhip has altered, or differed her lat. 
towards the N. or S. and the miles ſhe has departed from the mer, (that day) E. or W. 
Exaurrrs of ſingle Coussxs. 
Ex. 1. Suppoſe a ſhip ſailed S. W. (from the Lizard) 100 miles: What has ſhe differed 
her lat. and what dep, has ſhe made from the meridian of the Lizard? See Def, 13, p. 34. 
By the table under the courſe S. W. and againſt 100 in diſtance column, is 70,71 in lat. 
column, and the fame in dep, column: Now, 70,7 is 70 miles and 7 tenths of a mile; and 
becauſe 10 tenths make one, therefore, to take the diff. of latitude and departure in whole 
miles without parts, you may call the diff. of latitude 71 miles S. and the dep. 71 W. be- 
cauſe the courſe was Southweſt, and the diff of lat. muſt be S. and the dep. W. 
2. Suppoſe ſhe had failed 150 miles S. W. then ſhe would have differed her lat. 106“ S. and 
departed 106” W. | 
3. IN ſhe failed 200 miles, the ſame courſe S. W. ſhe would have made 141/,7 South- 
ing, and 1417 Weſting. And if ſhe had failed that courſe 2000 miles, then ſne would have 
differed her lat. 1417, 2, and departed 1417, 2; for as the diſtance is ten times more than 200, 
ſo muſt her diff. of lat, and dep. be alſo 10 times mere than they were for 200; and the like 
for any other courſe or diſtance. 
4. Suppoſe a ſhip failed W.S.W. 100 m. What diff. of lat. and dep. has ſhe made? Over 
the courſe 6 points (W. S. W.) and againſt the diſt. 100, is X lat. 92, 39 and dep. 38, 269; but 
in this, and in all other caſes, as one place of decimal parts is ſufficient, we ſhall therefore 
call the X lat. 92, 4, and the dep. 38, 3 W. 
Note. When the ſecond place of decimals, towards the right hand, is more than 5, add 
1 for it to the figure in the Birſt place of decimals, as in the above and in the following caſes, 
But it was found neceſſary that there ſhould be two places of ſecimals in the table, in order 
to find large diſtances. Having given the diff. of latitude and the departure, the courſe and 
diſtance may be found in this table; and the courſe or bearing may be obtained to the neareſt 
degree of its bearing, which is evidently ſufficient in any courſe or bearing, for the purpoſes 
of navigation: And, in general, it is ſufficient to have (or to find) the bearing to the-neareſt 
point and + of the compaſs; becauſe a ſhip cannot be ſteered to a quantity leſs than that of 
the neareſt + point of the courſe from one place to another. | 
R 5. A ſhip failed S.W.bS. till ſhe differed her lat. 138 miles: What dift. and dep. has 
e made ? | 
By the table under S.W.bS. in lat. col. 1 find 138, o lat. 166 dift; and 92,2 dep. which 
is 92 W. | | | 
6. A ſhip failed in the N.E. quarter, till ſhe made 195 miles diſt. and 100 dep. 
What courſe had ſhe ſailed, and what has ſhe differed her latitude ? 
Find in the table 195 in dift, col. and 100 againſt it in dep. col. and you will have the 
courſe N. N. E. a E. and the diff. of lat. 167 N. conſequently, ſhe has differed her lat. 29.47'N. 
7. A ſhip failed 140 miles North-cafterly, and differed her lat. 134 N. What was her 
courſe; and how many miles has ſhe departed from the meridian failed from? Anfwer : 
She failed N. bE. E. and departed 40,6 E. a | 
8. A ſhip failed W. S. W. till ſhe had made 100 miles dep. What diſtance had ſhe 
failed ; and what had ſhe differed her latitude? Anſwer : She ſailed 108 miles, and differed 
her lat. 41 miles South, _ | 
9. A ſhip failed on various courſes, and made 160'S, and 96'E. What courſe and 
diſtance had ſhe made good? Anſwer : S. S. E. E. 187 miles. Theſe are all the different caſes 
that can happen in failing. ; 
In the 1ſt, 2d, 3d, 4th examples, the courſe and diſtance are given. 
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In the 5th, the courſe and X latitude are given. 
In the 6th, — the diſt. and dep. do. 
In the 7th, _ the diſt, and X lat. do, 
In the 8th, — the courſe and dep. do. 
In the ꝗth, — e X lat, and dep. do. 
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{ 6 3 
of CORRECTING the DEAD RECKONING. 


ATOU N's Navigation, p. 314. Rule, If the courſes are for the moſt part near the 
parallel of Eaſt and Weſt, and the direct courſe be within 5+ or 6 points of the meri- 

dian *; then if the latitude by account differs from the obſerved latitude, it is moſt probable 
that the error lies in the courſe, or diſtance, or perhaps in both; for in this caſe 'tis evident, 


the departure by account will be very nearly true; and thence the true courſe and diſtance 
may be found. | | | 


REMARKS on this Rur x. 


The author of the Rule for correcting, when the latitudes differ, ſays, that it is moſt pro- 
bable, the error lies in the courſe, or diftance, or in both. If the courſe and diſtance be 
true, all things deduced from them muſt alſo be true; to wit. The difference of latitude, 
departure, and difference of longitude ; but if the courſe be not true, it muſt either have 
been ſteered wrong, or defecbively corrected ; if the diſtance be wrong, it muſt be, by the 
error of the diſtance deduced by the log and glaſs (as explained in p. 119 to p. 122), which 
can only be a ſmall error; and, in this caſe, it would not differ the latitude more than two 
or three minutes ; therefore, if the error of latitude exceed this quantity, it muſt be occa- 
fioned by a drift of the water, whether the drift was produced by the wind or tide, for all 
- motions of a ſhip through the water are made by wind and water; and when the error of la- 
titude is conſiderable, you may correct by taking the moſt probable courſe for the drift, by 
the current, and the error of latitude, for the difference of latitude, by which you will find 
the departure, to be applied to the departure before found ; then, by the true X latitude, and 
this departure, find the courſe and diſtance made good; and then find the longitude made, 
and the lon. in, by Art. 6, p. 102. Illuſtration, | "ap 

By figure B, plate 4. Let A, be the place of a ſhip the foregoing day at noon, and that ſhe 
has made her courſe good by account, due E. diſt. 100”, but by obſervation finds the error of 
lat. 6, 8 or 10'N. I fay this could not be produced by either an error in the courſe or diſ- 
| tance, but by the current; and this current might ſo effect the ſhip that ſhe might make AZ 

AC, the true diſtance ; and the error produced in this would be only in latitude = AM. 2. 
The ſhip might arrive at a, or b, wherein there would be an error in the courſe and diſtance 
made good, as alſo in the latitude and departure; and that the ſhip at 20, c, d or e, &c, with 
the ſame diſtance, would differently err in latitude, from that at &, in the courſe, in diſtance 
and departure, as is evident by the figure: And the like of all other corrections. 

In this caſe, it is not poſſible to correct the courſe, the diſtance, or the departure; there- 
fore, the correct longitude of the day is not determinable. 

A ſhip might ſteer to make a place as E, and might arrive at a place repreſented by M, 
N, O, P, e, d, c, a, or B. Now, if ſhe was at a, or M, the latitudes would agree; but 
in every other place, would be wrong. If ſhe was (at N), O, P, &c, there would be an 
error in every particular of account; and the.like of the places e, d, c, B, &c. which is ſo 


evident that nothing further need be ſaid about correcting reckonings. See page 117, 11), 
121, 122. 


* By direct courſe, is to be underſtood, the courſe made good, after any number of courſes ſailed, 


TERMS 


TERM S of ART, 


A. 4 
1 That maſſy Iron, which being caſt 
into the Sea or River, and by entering into 
the Ground, holds the ſhip by the Cable which 
is faſtened to both. 

Aft, or Abaft, That part of the Ship towards the 
Stern, 

Sheet Anchor. Is the largeſt Anchor ; the next are 
the Firſt and Second Bowers, or beſt and 
and ſmall bowers ; Kedge and Grappling An- 
chors are the ſmalleſt, ö 

The Anchor is ſaid to come home, when it does 
not hold the ſhip, but lets drive. 

The Anchor is à peak, when it is under the 
Hawſe Hole, through which its Cable runs out, 
And it is @ Cock-bell, when it hangs right up 
and down, ready to be dropped. 

Pudding of the Anchor, The Ropes which are 
wound round the Ring, to fave the Clinch of 
the Cable from being galled. | 


B 


Bear up, Let the ſhip ſail more before the wind, or 
further from it. 

Belay. Make the Rope faſt. 

Bitts. Are two main Pieces of Timber ſtanding 
like a Pillar behind the Manger, in the Loof of 

the Ship, with a croſs Piece for belaying the 
Cable when the Ship rides at Anchor. 

Board and Beard. When two Ships come ſo near 

as to touch one another. 

To make a Board. Is to fail to Windward. 

To bend the Sails. Is to faſten them to the Yards, 

To bend a Cable. Is to faſten it to the Anchor. 

Bow-line. Is a Ro 

middle part of the Outſide of the fail; it is faſt- 

ened by two or three, or more parts, to the ſail; 

but the Mizen Bew-line is faſtened to the lower 

End of the Yard: This Line belongs to all 

Sails except the Sprit- ſail and Sprit- top- ſail; for 

which they cannot be uſed cloſe by a Wind; 

Bow-lines are uſed to make the Sails ſtand ſharp, 

or cloſe by the Wind. | 


reeved through blocks that are faſtened to pen- 


ther to ſquare the Yards, or to traverſe them : 
All theſe Braces come aftwards on ; the Main 
Braces come to the - Poop, the Main-top-ſail 
Braces to the Mizen-top, and thence to the 
Mizen Shreuds; the Fore and Fore-top- fail 
Braces come down by the Main and Main-top- 
fail Stays ; the Croſs Jack Braces are brought 
forwards to the Main-throuds, when a Ship 
ſails cloſe by the Wind, -,  -- 
| Buy. A Piece of Wood, or cloſe hooped Barrel, 
faſtened ſo as to float over the Anchor 


Ship has Way, 


made faſt to the Leech, or 


Braces. Are Ropes belonging to all the Yards of 
a Ship, except the Mizen ; two to each Yard, 


nants fixed to the Vard- arms; their Ule is ei- 


hor. 
Stream the Buoy." Let the Angler "Al while the 


(C & ) 


Kc. uſed by SkAuERN. 


= 
Cable. Is a Rope, which being faſtened to the An- 


chor, and the Anchor let go, the Ship rides by it. 


Veer more Cable. That is, let more of it run out. 

To bend or unbend a Cable. Is to faſten it to, or 
looſe it from, the ring of the Anchor, 

Capſtan. Ships have uſually two; the Main and 
and Jeer Capſtans. 

Main Caplan, Is a large Piece of Timber, and 
ſerves as a windlaſs, but ſtands perpendicular a- 
baft the Main-maſt, its Foot itanding in a Step 
on the lower Deck, and its Head between the 
upper Decks, formed into ſeveral Squares with 
Holes in them for the Bars: Its chief uſe is to 
weigh the Anchor; that is, to hoiſt it up. 

Cheſſe-trees, Two Pieces of Timber, with a Hole 
in each of them, on each Side of the Ship, 
made for the Main-tack to rum through, and to 
haul it down to. | 

Cheats, or Chevets. Are Pieces of Wood faſtened 
to the Yard-arms, to keep the Ropes from ſlip- 
ping off the Yard. 

Cloſe-hauled. A Ship is ſaid to be cloſe-hauled 
when her Sails are trimmed ſharp, ſo as to ſail 
as near the Wind as poſſible. 

Clew of a Sail. Is the lower Corner of it, to which 
are made faſt the Sheats and Tacks. | 

Courſes. Are the lower Sails; particularly, th 
Main and Fore-fails, 


D. 


Deck of a Ship. Is a Floor planked from Stem to 
Stern. Some Ships have two Decks, and large 
Ships three Decks. The Half deck reaches from 
the Main-maſt to the Stern; the 2uarter-dect, 


is that a-loft the Steerage, reaching to the 
Round- houſe, | 


F. | 
Fall of a Tackle, 1s that Part of a Rope by which 


you haul, 


Furl, (bind or make up). To furl a Sail, is to wrap 


it up and bind it cloſe to the Yard. 


H. 
Hawſes. Are great Holes in the Ship's Head, thro” 


which the cables run. 

Freſh the Hawſe. Veer out more cable. 

Haw ſer, A great Rope, or ſmall Cable. 

Head-jails. Are the ſails which belong to the Fore-. 
maſt and Bowſprit; for they govern the Head 
of the Ship, and make her fall off. | 

Helm, or Tiller. Is that Piece of Timber which tis 
faſtened to the Rudder, and comes into the 
Steerage; By it the Rudder is turned to and fro 
in the Water abaſt the Ship; and it cauſes her 

to go with her Head more to Windward or 


e/ * to. 
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| H. [IEF 
Bear up the Helm. That is, let the Ship go more 
large before the Wind. 
Right the Helm, Put it in Direction of the Middle 
of the Ship. 


Bear up round. Let the Ship fail directly before the 
Wind. 


Port the Helm. Put the Helm over to the Left 


Side of the Ship. 

Starboard the Helm. Put it over to the Right Side, 
(you looking forwards) of the Ship. 

Eaſe the Helm. Let the Ship go more large. 
pie. Is to haul up any thing. 

Hull of a Ship. Is the Body from Stem to Stern, 
without maſts or Rigging. 

To hull, or to lie a- Hull. Is when ſhe cannot carry 
Sail ; when they are all taken in, and the Helm 
is laſhed faſt to the Lee-ſide of the Ship. 


L. 


Large. A Ship goes large, when ſhe ſails neither 
before the Wind nor upon it, and with all Sails 
drawing. 

Loef, or Luff. Keep the Ship near the Wind. 

Loxodromic-line. Is the Line of the Ship's Way 
when ſhe ſails upon a Rumb, oblique to the Me- 
ridian. 

M. 


To moor a Ship. Is to get her into a convenient place, 
for her ſafe Riding, and when ſhe has two An- 
clors out, os more, ſhe is moored, 


5. 
Poop of a Skip, Is the uppermoſt Part of her Hull. 
a- ſtern. 
R. 


Rake of a Ship. Is ſo much of her Hull as hangs 
over both Ends of her Keel. The Rudder has 
a Rake alſo. 

Rudder of a Ship. Is the Piece of Timber which 
hangs at the Stern- poſt; by it, Steerſmen keep 
the Ship in her Courſe. 

Rumb-line. Is the Line of the Courſe, to be de- 
ſcribed by a Ship on the Surface of the Sea, 
ſteered by the Compaſs, making equai Angles 
with every Meridian, See Nautical Def. p. 34. 


8. 


Sheer, to ſwing too and fro'. The Ship ſheers 
when ſhe goes in and out, and not right for- 
wards. 

Sheats, Are Ropes bent to the Clew of the Sails. 
The main Sheats haled aft, makes a Ship keep 
by a Wind ; the Fore-ſheats haled aft, makes 
the Ship fall off from the Wind. Zaſe the Sheat ; 
that is, veer it, or Jet it go out gently. Let fy 
the Sheat ; that is, Jet it go all at once, to run 
out faſt; and the Sail will hang looſe, and hold 
no Wind. 

To ſhiver a Sail. Is to bring the Yard'in Direction 
of the Wind, be N 
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Sounding. Is to try the Depth of Water by a Line 
and a Plummet of Lead. 

To bring a Ship upon her Stays, for ber Tacking, 
Bear up the Helm, let fly the Fore-ſheat, let 
go the Fore-bow-line, brace the Weather-brace 
of the Fore-ſail, Fore-top-fail, and Top-gal- 
lant ſail ; let go the Sprit- ſail Sheat, and Fore. 
Sheat, and brace the Weather-brace. When 
the Head of the Ship has paſſed the Wind, and 
that it comes in at the other Bow, it drives the 
Sails backwards againſt the Shrouds and Maſts, 
ſo that the Ship drives a Broadfide. Ships, 


which will ſtay with the feweſt Sails, are reck- 
oned the beſt. 


F. 


To trim the Sails, ſo as to ſland cloſe to a Mind. Bring 
the Main, Fore, and Mizen Tack cloſe by the 
Board, and everhaled, and as forward as th 
can be; alſo the Bow-lines en the Weather- 
ſide, the Lee-ſheats haled cloſe aft; and the 
Lee-braces of all the Sails are braced aft, and 
the Top-ſails braced, &c. as the Sails to which 
they belong, | 

To find the Trim of a Ship. That is, to find how 
ſhe will ſail beſt : This is done by Trial of her 
ſailing with another Ship, when trimmed a-head, 
a-ſtern, and upon an even Keel; alſo by eaſing 
her Mafts and Shrouds. 

To try; as to try how the Ship lies under a Main- 
ſail, or Main-courſe: Which is, when ſhe has 
no other Sails abroad; the Tacks haled cloſe a- 
board, the Bow-lines ſet up, the Sheats haled 
cloſe aft, and the Helm tied down cloſe by the 
Board ; and ſo ſhe is let lie in the Sea. 

To try under a Mixzen. Which is done when it 
blows ſo hard that they cannot keep the Main- 
fail, 1, e. cannot keep it out. If a Ship will nei- 


ther try nor hull, then ſpoom her ; that is, put 
her right before the Wind. 


V. 
Veer, weer out Rope, or the Wind veers, or changes. 
A Ship goes veering, when ſhe goes large; that 
1s, neither by it, nor before it, but between, 


W. 


Wake of a Ship. Is the ſmooth Water a- ſtern, 
when ſhe is under fail ; this ſhews the Way ſhe 
has gone in the Sea, and by which the Mari- 
ners judge what Lee-way ſhe makes. 

To weather a Point of Land. Or a Ship is to paſs 
it on the Weather Side, er ts Windward of it. 


To have the Wind of a Ship. Is to be to Windward 
of her. | 


* 

Brace the Yard. That is, bring the Yard-arm aft, 
whoſe Brace is haled. | 
S$quere the Yards. That is, make them ſtand right 
a-croſs the Ship. 952 

if. 
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2929, oo, 5 7978, 904, 1129 128, 8006, 8179 f 78, 709, 4% 29228, 278,614, N 
303% , 8079, ga, 2130 129, 8006, 8180179, 7329 279261427 1 
3103 7, 0%, 8 180, 9%4, 2 3 130, 86,9 8 180, 79,5% 31% 30, 280,6114,7 FS. 
3232, 00 1, 8281,94, 30132131, 806, 9182181, 70, 5232 [231,7 281,6 14,8 ; Bit 
3333,00 1,7 8382, 904, 3133132, 8 o/, of 8 3182, 709, 6233 [232,7 282, 614,8 Kill 
34/34, cor, 8] 8483, 904, 4134133, 8 o), of 841 83, 79, 6% 3412337 284 83,6149 
39 35»9Þo1,8] $51[84,9104,41135 [134,817,118 5184, 709, 72352 34.7012, 2846 1429 
3636, oſo 1, 9 8608 3, 904, 513613 5, 8807, 118618 5,709, 7% 36235, 712,3 286 28 5,61 , * 
3736, 90 1, 9 8786, 9 04, 6137136, 80%, 2 186,709, 8237236, 71 2, 44287 z 86, 61 3, | 4 
38037, 90 , o] 8887, 904, 6138137, 80, 2 187, 709, 90238237, 7J2,5 288 2876 15,1 10 
39038, 9ſoz, of 89 88, 9004, 7139138, 80%, 3 188,709, 9/2 39238, 12, 5/289 288.6 15, IR 
_ 45139,9ſ02,1] 9089, 904. r 89,709-9Þ2491239-7]12:6]290 [289,9]1 552] 0 
90, 04,8 | 190,7[10,0|241[240,7]12,6||291|290,6]1 5,2 bl 
91,9104,8 | 191,710, 02 42 |241,7]12,7]292 291, 613,3 40 
92,9194, | 192, 7/10, 1243242, 712,793 [292,0[1-53 
93, 94, 194193, 0, 244243, 2,8094 93,6 5x4 
94,910 50} 1 44 | 194,7]10,21245 [2447 12,8129 512945011 524] 
959 196 195, 7e, 30 45245, 2, 996 [295,0]t5,5 
99,9 196,7]10,30247 4, 2,9% [296,61 545 
97,9 197,710, 4248 [247,711 3-02.98 297,0 156 
; [98,9 198,10, 4249 248,3, 099 298, 6 5,0 
_$0149,9]02,6}100 [99,9]Þ : 199,7]10, 5/250 [249,711 311300 299,6 1597] 
Diſt Hep. Lat. Dt [Dep.) Lat. Bist. Dep. | Lat. IDiſt. "Dep. | Lat. |Niſt. Hep. Lr. 
Difference of Lat. — Dep. for 87 Deg. 
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3 Difference of Latitude and Departure for 4 Deg. 


cc + 


Lat. 0 ; Dep.[Ditt. Lat. Hep. Dilt.] Lat. Dep.[Ditt. Lat. {Dep 
151,005, 07,001 51 es 201 200, 514, 025 f (a 50, 4 7,5 
2 ſoz, oſoo, 1 by 07, 152181, 610, 602 201, 514, 12522 51,41%, 
303, oſoo, 20 53 07, 153152, 610, 203202, 514, 102532 52,4 17,6 
404, oſoo, 30 54 07, 2154153, 610, 7204203, 514.22 542 53,4 17,7 
5 : 5 07:3 [5511 54,0]10,8]2051204, 5114432552 54,4017, 8 
6 155,10, 9.206205, 54, 42 56235, 41), 8 
7 1 56,6[10,9]207 206, 514, 4257 56, 417,9 
8 157, 61 f, 208 [207, 514, 52382 57, 418, 

9 138,611, 10209 [z08, 514, 6/2 592 58,4118, 1 
10 159, 6611, z 10 [209,5 1 4,61260 259, 418,1 

+7 160,6]11,2]211 ESN = 11 Sim 

12 161,611,302 120211, 514, 8062261, 418, 

13 162, 6011,42 13 [2 12, 514, 826326 ,4018, 3 

14 163,601 1, 4% 142 13, 514, 9264263, 418,4 

164, 6011, 5 152 14, 51 , [265 264418, 

165,6 216213, 5015, 266265, 418, 

166,6 217216, 818,1 267 266,4 18, 

167,6 218 217,5|1 5,2 268 267, 418,7 

168,6 218, 15,3269 268. 18,7 

169,6 219,511 5,312 701269,4118,8 

170,6 220,5 (541271 270,3/18,9 

171, 6 221,01 5,5272271, 3019, o 

K 17256 222, 51,5273 272, 3019, 

173,612, 12423, 55, %½ 7473,30 1951 

127 UU e 2.5 [2243511 537127 5 [2744311952 

175,02, 3026225, 8,875, 39,2 

7 226,5|1 5551-771270,311953 

177,0 227,5| 5998270127 753,1954 

178,6 228, 5 0,01279[278,3119,4 

179,6!12,5 229, 410,0 280279, 319, 5 

180,5 230, 46,1281 280, 3019, 

181,6 31,416,228 81,3197 

182,6 32, 4016, 2 2831282,2119,7 

183,9 233,4 16,3284 283,3/199 

184,6 3512344411 6,428 5284, 301979 

185,6 235, 41 6, 428628 3, 319,9 

186,6 236,416,528 7286, 3029, 

187,5 237, 416, 288287, 320, 

188,5 238, 416,289 488, 320,1 

18955 — 2407292895392 

190, g 240, 41 6, 16,8 291290, 3J|20 3 

191,5 241, 4 16,9292 291, 3020, 4 

192,5 242, 416, 9293292, 3020, 4 

193,5 243,41 7,01294[29333|*©2 * 

104, 501 51244,4/17,11295[294,3/20+0 

1955 45,17, 1296293, 0,0 

196, 5j1; 246, 47, 297 (296, 320, 

197,5 247,417,398 297, 300,8 

198,5 248,47, 499 298, 3ſao,8 

199.8 249-4117+41322 1299431202? 

Dep. 1 Diſt.] Dep. | La! Ta: Diff.] Dep. | Lat. 


| Difference of | at. and Dep. tor 86 Deg. 
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55 "Difference of Latitude and Departure for 5 7 
Diſt.þ Lat. Dep. Diſt.] Lat. Diſt.| Lat. Dep. Diſt. 5 it. Lat. Dep. Dift.] Lat. Dep. 
1 lor, oſod, 1 51150,8 101|100,6ſo8, 8057 200, 217, 5 251 Ro 8 
2 ſo2, oſoo, 2 5261, 8 102101, 608, 91 52 201,217, 62 5225 1, 02 1, 9 
33, ooo, 3 532,8 103 102,6Þ09,9[153 202,2[17,7]|2531252,0|22,0 
4 + 00, 3 541539 104[103,6]09,0}1 54 203,2]17,71-541-53»0]2251 
K$5154,8 I05 104,609, 155 204, 2%, 802 5 2 54, 002 2,2 
56 55,8 106105, 6 09, 2136 203, 21, 92 5625 3, [z 2, 3 
| 57156,8 107 t o6, 609, 3157 | 206, 218,02 57 |2 56,0022, 4 
5857.8 108 0%, 600, 4158 207, 218, 100· 58257, oſz 2,4 
1591858, 8 109108, 6009, 5159 208, 218, 2 592 58, oſa 2,5 
059,8 110 109, 609, 6} 1 60 209, 2018,z 2602 59, o[z 2, 6 
6160, 111110, 6ſo9, 7 161 210, 218, 42 61260, 0022, 
12, oſo 1, o 6210 1,8 112111, 6009, 7162 211,218, 42 62 [261,002 2,8 
63 62,8 112,609, 8163 3 212,2 13,5 263262, 022,9 
64103,8 113,609, 9164 213, 218, 6/264 263, oſ2 3,0 
14,901, 3 65 5 114,610, 0165 214,218, 7265264, 02 3,1 | 
, 1611 5,9] 1,4 [oy 115,6[10,1 166 21, 218, 80266 205, o[z 3, 1 
1711659 5706 116,610, 2167 216,218,967 2 66, 02 3, 2 
187,91, 6 60 117,610, 30168 217,219, oz 68267, 0 3, 3 
1918,99 1,7 69 9118, 510, 44169 218,219, 10269268, 023.4 
20 9 9 f. 2e 0119, 5010, 5170 219,219, 10 70 269,012 3,5 
2120, 9001, 8 71 120, 5 10,5 171 220,19, 271 270,00 3,6 
22 1, 91, 9 72 121,010, 6172 221,219, 30272271, c[z3, 7 
2322, 92, of 73 122, 510,173 222, 219, 4273272, [23,8 
2423, 9002, 1 74 123, 510,874 223, 119, 5127427 3,012 3, 8 
524.902, 2 75 x1124,5]10,9' 175 224, 11, 6275 f 274, 0023, 9 
262, 902,3 76 125,5 1750 176 225,1119,71270|27 5,0]24,0 
2726, 902, 4 77 126,0 1,7) 226,119, 7% 7775, 924, 1 
2827, 9002, 4 78; 127,011, 078 227,1 19,8278 276,912 4,2 
2928,92, 5 79 128,511,279 228,119, 927977, 924, 3 
3029, 902, 6 80 129, 501 153 80 220, 1020, oſ2 80 [z 78, 924,4 
31730, 902,7 81 130, 301 1,4]181 230,1[20,1]281 [279,9]2444 
3231, 92,8 82 131,501 7,0182 231, 1020, 2282280, 9024, 5 
3332, 902, 9 83 132,5 1 1,6; 183 232, 1020, 328328 1,9024, 6 
3433, 903, l 84 133,7, 784 233,120, 484 82, 94, 
3334˙ 93,1 85138447 134.501 1,7188 234,120,485 83,9248 
30135,9 03,1 86 135,5|11, 85 186 2351020, 5286 284,924, 9 
3736, 9 93,2 87 136, 501 1,9187 236, 1020, 6028728 5, 923, o 
38 37,933 88 137,512, 0188 237,120, 7288 286,923, 1 
39 38,9 03, 4 8988 138,512, 1189 238, 120, 82 89287,92 5,1 
40 39.8003, 5 908 39, 51 2, 2190 239, 1020, 90290 288,92 5,2 
4140, 8003, 6 91 140, 51 2,3191 240, 1021, 2910289, 923,3 
42141, 5123-7] 921g 141,5112,4|192 241,121, 10292290, 925,4 
4342, 8003, 8 93 142, 12,4193 242,102 1, 10293 291,92 3,5 
4443,83, 94 143,512,594 4243, 1, 29492, 95,6 
4883292 51144-4[1246|195 51244 1Þ21531295 [29359]2 557 
46 [4.5,8]04,o}| 95 145,441 2,7 [1 96| 243, 10 1,4 296 [294,9]2548 
47 46, 804, 10 97 146,412,897 246,102 1,5297293, 923,8 
4847, 804, 298 147,4 12, 1989 247,112 1,612.98 296,925:9 
49 45,873 29 140,411 3,01199 1 98,2[17,5! 249 249,112 1,7112991297»9 9926.0 
50 49,804, 400 149, 413,1 z200 [199,2 17.4 25949. 10258030 08, 9,20,1 
Diſt Dep. | Lar, FD-it [Dep.[Lat. NDiRt. | Dep. | Lat. DiR. Dep. [Lat. IBiſt.] Dep. | Lat. Wo Pit. Dep. | Lat. at. | 
Difterence of Lat. and Dep. for 8, Deg. 
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65. Difference of Latitude and Departure for 6 Dez, 
Diſt.| Lat. Lat. [Dep Dit. Lat. Dep. Ditt.| Lat, Dep. Diſt.] Lat. Dep. Diſt. Tat. Dep. Diſt. Lat. 
1 [o 1, ſoo, 1 51 100,4 10, 61 5 11 50, 215,8 2011199,912 1,0251 249, 6026, 
2 oa, ooo, 2 52 101, 410, Jr 52 [1 1, 215, 9 [202 200, 902 1, 102 52 |2 50,6 
3 og, oſoo, 30 53 102, 410, 8153152, 2 16, % 0g 201,902 1, 22532 51,6 
4 o4, oſoo, 44 54 103, 410, 9141 53, 216,1 1294 202,912 1, 302 54 [2 52,6 
Sog, ooo, 5 55 104,4[1 10115515441 116, 2 [205 203,912 1, 425325 3,6 
6106,0j00,6]] 56 105, 411, 115615 5,1 16,3] 206 204, 92 1, 502 56 54, 626,8 
7 o), oſoo, 7 57 106,411,217 1 56,1 16,4] 207|205,9]21,6]257 [255,6 
8 ſo8, oſoo, 8 58 10%, 41, 3158 157,1 16,208 206, 90 1,7258 [2 56, 60e 
908, 900, 90 59 108, 41 1, 41 59 188, 116 61209 20), 9 1,8 25925, 6 
10 ſo, o 1, o. 60 109, 41 1, 5160 f 59,1 1[16,7] 210 208,9 21,90 C0 258,6 
11 ro, 90 1, 1 61 110,411 1,6161 160, 1016, S217 209, 8022, 0026 1 59,6[27,3 
1211, 901, 3 I 11,4/11,7162[161,1 1679 2122 10, 802 2, 2262260, 6 
13012, 9,01, 112,411, 80163 162, 1), oz 132 11, 8022, 3263261, 
1413, 900 f, 113,411, 9164163, 1 117510214 212,8|22,4||264[262,5 
_15114,9101,6 114,4/12,00165[164,1[17,2215[213,8[22,51265263,5]2 
1615, 901,7 115,412, 1 166 j105,1]17,3 [216 214, 802 2, 6266264, 
1716, 90 1,8 116,412, 2 167 166, 1017, Z 17218, 822, 267263, 5 
1817, 900 1, 9 117,412, 3168167, 117, 62 18 [2 16, 802 2, 8268 266, 
1918, 90a, o 118,3 12,4 169168, 1 17571219 217, 8022, 9269267, 5128, 
_20119,9]02,1 119, 3012, 5170169, 1 17,8 2202 18, 803,027 268,5 
2120,92, 2 20, 312,617 170, 117, E27 719,823, 1277269, 
2221, 9002, 3 121,3]12,74172[171,1 1785 220, 802 3, 2272270, 5 
232, 9ſoa, 122, 3012, 917372, oſ18, 11223221, 8023, 3027327 1,5 
2423, 9002, 5 123, 301 3, fr 74 173, o 18,224 222,812 3,42 742 72, 5/28, 
[25 [£4:9]2220 1243[13>10175[174-0]18,3Þ2251223,8]2335Þ275[27355Þ 
2602 5,9/02,7 125,311 3,21176]175,0 78,425 224, 8023, 62762 74,5 
| 27 20,9102,8 126,3113,39177[176,0 18,5227 225,612 3,711277 127 555 
2827, 8 02, 9 127, 3013, 4178177, of 18, 6 28226, 23,8278 276,5 
2928, 903,0 128, 30 13,5179 178, o 18,7 229227, 23:9]279 277,502 
30 [2935/2331 129, 301 3,6180179, oſ18, 8 230 228,7 240280 278, 5 
31130, 803, 2 130, 313,7 181180, 0 18,9 2311229,7 24,11[281 279,512 
| 32131,5j03,3 132131, 3 13,8 18218 1, ſr9, oſz 32 f 30, 724, 2028 202 80,4 
3332, 803.4 133132, 313,983 182, 019, 1023323 1, 7/4, 328328 7,4 
34[33;$|93,0 $1134[133,3]14,0]184[183,0]19,21234|232,7]2455]284 25 2,4% 
_35134+8]93>7] 85 3513430141018 184,019, 323 5 2 33, 724.628 5 [253,4]2949 
3635.8 130135, 314, 2186183, 019, 4236 234.724, 72862 84, 4 
37136,8j03,9 137136, 214, 3187186, 0019, 30237 z 35, 724, 8287285, 4 
| 38[37,8[04,0 1381[137,2 188]187,0 19,612.38 236,724, 9 8828 6,4 
39 38,8004, 1 30139138, 214, 189188, o[19, 802 392 37, 7% 5, oſz 89287, 4 
4039, 804, 2 140 139,214, 6190 189, o[19, 9240238, 7/2 5, 1290288, 4030, 
41 4, 8124-3] 91 141140, 214, 7191189, 9/20, 0.4 1 39, 7% 5, 24291289, 403 
42041, 804, 4 1421417, 214, 80192190, 9/20, 10242 240, 72 5, 3292290, 45 
4342, 1 43142, 2 4,9019319 1,90, 20243241, 2,493 297,4 
14443, Sog, 144 |143,2 194 [192,9120,31244 [242,7]2 55294 [292543 
45144480947 1451144,2[15,21195[193,9]20,424 5 [243712550295 9324.2 
| 46 45% O 1406 145,215, 3196194, 9 20, 5240 [244,612 3,7296294, 
4746, 704, 9 147146, 215, 44197195, 9020, 6247 24, 623, 8297 [29 52443 
43 [47379559 148 147.26, 598 196, 920, 4248 |246,6]2 5, 9% 98 [290.4 
4948, 70 6, 1 149148, 215, 6199197, 9020, 8249 247, 6026, 00992974 
5049,75, 2 5/1014, 2 200198, 9.20, 9/250 248, 66, 10300 298,403 54 
Diſt. Dep. Lat. i Biff. Dep. Diſt.| Dep. Tat. Biſt. Dep. | Lat. Diſt. Dep. Lat. Diff. Dep. 
Difference of Lat. and Dep. for 84 Deg. _ 
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1 
75. Difference of Latitude and — for 7 Beg. 1 
Dit. Lat. Dep. Due. Lat. Dep. Dil. Lat, 0 4 JI Lat. [Dep Dilt. | Lat. Dep.| x 
I 101,090, Ti 51 Ii 50,8 O6, 101 100,2 199,524, 5 251 249, 1130, 20.6 $ 
2 eo, 52151,6106,3]102[101,2 200, 524, 0 52 2 50, 130, 1 
310 3,0 5352, 6006, 5||r03 102, 2 201,024, 72 53281, 130,8 1 
404, oſoo, l 5453,66, 6104103, 2 202, 524, 82 542 32, 130,9 9 
OS 5506.7 1051104, 2 et, ohafe 203,5 2 540 255 253,113 1,0 1 
6 o6, oſoo, 7 56535, 606, 8106103, 2 19, 0206204, 50 5, 1 56.2 54, 101,2 | 
7 106,9100,9] 57 [56,6j06,9]107|106,2[1 19, 1207 205, 4025, 2257255, 103 1,3 9 
f 8107,9101,0]] 58857, o), 1108 10%, 2 19,2085 206, 4023, 3 58 56,103 1,4 . 
q 908, 9/0 1, 1 59 58,0 07,211091108,2 19,4 [209 207, 425,42 59257, 131,3 | 
3 10109,9101,2]| 60 59, 60%, 31 10109, 2 19250219 208,42 54 260258, 131,7 
: 1110,91, 30 61 6,5% 401717, 19,6121 1 [209,4/25,70201[259,0/31,8 
4 I2 1 62 9781217, 19,7212 10, 402 3, 82 62 [260,0{3 1,9] 
I 13112,9]01,6| 63 07,71113]112,2 19,802 13211, 4023, 90263 261, 003 2,0 
j 1413,01, 64 07,8]114|113,1 20, z 142 12, 42 0, 1264262, 032, 1 
: 114,900 1,80 65[64,5107,9]115|11441 2051015 2137402672 265263, 032,3 
16 15,900 1,9 66165, 5ſo8, o [16111 5,1 20,2112 16 214,4126,3 266 agg: 44 
1 1716, 902, 1 67 66, 508, 2117116, 1 20, 302 17 15, 46, 267/265, 003 2, 5 
2 187,902, 2 68 08,3]118[117,1 20, 52 18 [2 16, 426, 52 68 266, 0032, 6 
I 1918, 902, 30 69 08, 44119118, 7.20, 62 1902 17, 426,269 267, 0032, 8 
1 2019, 902, 44 70 08, 5120119, 1 7120, 72 20 218,4 26, 8270268, 32,9 
I 21 20,802, 6 71 8,6121120, 1 20, 802212 19, z 26,9 2714269,013 3,0 
I 2221, 802,7 72 08,8 122121,1 7020, 9/2 22220, 327, 0272 j270,013 2,1 
2322, 802, 8 73 08, 9123122, 21,112231221,3]27,2]273 [271,013 3,2 
2423, 802, 9 74 09, 00124/12351 212/2244222, 327,302 74 271, 933,4 
2524803, 0 751744199, 11125112441 21,3122 5122343[27>41|27 5 [27259]3 3»5]| 
2612 5,803, 2 76 09,31126[125,1 21,412261224,3]27,51270 273, 903 3,6 
2726, 803, 30 77 09, 40127126, 21,6227 225, 3027, 6277274, 9033, 
2827, 803, 44 78 29, 5] 128127, 0013, 21,7228 226, 327, 8278 [27 5,9{33,9 
2928, 803, 5 79 09, 6129128, 013,179 177,71, 80229227, 327, 9279 fz 76, 9034, 
3029, 803, 7 80 129, 0015, 80180178, 72 1, 9 z 30 1 28.0% 80277, 94,1 
3130, &8 03,8 81 130, 016, o 8 1179, 6022, z 3 1 [ 29, 3028, i][281 [278,9]34,2 
3231, 803, 9 82 131,016, 10182180, 6022, 2232 02 30, 302 8, 3282279, 934,3 be! 
33132,8j04,0\| 83 132, 0016, 2183 [18 1, 6022, 30233231, 328, 4283280, 934,5 iſ 
3433, 704, 1 84 133,016, 3184182, 6022, 234 232, 228, 528428 7, 934,6 ij 
354347043085 1 34,0]16,41185[183,6]22,51235 [233,228,628 52825908427 4 
36135,7]04,4]| 86: 135,016, 6 86 184, (% 2, 7236 234, 2 8, 786 83, 94,8 14 
3736, 704, 8 87 136,016, 187185, 6½2, 80237235, 228, 987 284,8 349 i 
38137,7104,6j| 88 137,016, 8188186, 622, 9238 [2 36,229, oz 88 283, 803 5,1 1 
39038, 704, 8 89 138,006, 9189187, 6023, 0239237, 229, 1289286, 803 5,2 ail 
40039, 704. 9 90 139,017, 1190188, 6. 3, 1240 [238,22 9, 2 90 2877803 5·P3 we 
41040, 705,0 91 139,917, 191189, 623, 3241 2 39, 229,329 1288, 803 5,4 i 
241,703, 192 140, 9 17, 3192190, 623, 44242 240, 29, 5292289, 803 5,5 Wh 
4342, 705, 2 93 141, 17, 4493191, 623, 5243 241, 229, 0 93290, 8035, | 8 
4443,75, 94 142,9]17,5|194|192+5|23-6]244[242,2]29-71294[29 1,8]3.5,8 i 
4544.70, 95 143,9]17,71|: 951193» 5[2 371445 [24392 29,3912951292,813 549 1 
4645,75, 96 144,917, 8196 [194,52 3491240 [2449 1 9,9% 9693, 8036.0 
4746,60, l 97 145,917, 9197 [195,5124,0[247 245, 130, 1297294, 803 6, ll 
4847, 6005, 8 98 146,9 * 198196, 5024, 10248 246, 130, 298 [295,803 6,3 be 
49048, 06, 0 99 147, 918, 10199 197,524, 2249247, 1030, 34299296, 8030, kl 
5049, 606, 1100 148,9 19,3 200198, 5 25 250 248,1 30,43 297,8 30,0 1 
Dit. Dep. Lat. Diſt. Dep.] Lat. Diſt. Dep. Lat. Biff. Dep. Lat. Did. Dep. Lat. IDiſt. Dep. | Lat. il 
Ds: | 1 
Difference of Lat. and Dep. for 8 3 Deg. ji 
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89, "Difference of Latitude and Departure for 8 Deg. - 


Dit [Lar.]Dep] Dit. Lat. Dep. Dit. Lat. TDep. Lat. Dep. Diſt.] Lat. Dep. Diſt] Lat. 


1 or, oſoo, 1 51 50,57, 1 101 [100,0[14,1 149,5|21,0]|201]199,1]28,0 2510248,6 
2 ſo2, oſoo, 34 52|51,5 07,2102 IO1,0[14,2 150, 5/2 1, 2202 |[200,0]28,1]252 
303, oſoo, 44 5352, 60%, 44103 roa, oſ14, 3 151,5 1, 3203 201, oz 8, 3283 
404, oſoo, 6 54 2 . lie: 103, olf 4, 5 152, 5 1, 4204 (202, oſz 8, 42 54 |2 
5125»N90-7} _551545127»7125 [12440 14,6 15375/1605 203: 0/2 8, 511255 
605, 900, 8 3658, 57, 8106105, o. 14, 8016 [1 54. 52 1, 7206204, oz 8, 756 
7106,9]01,0] 6756, 106, 0014, 9 153,502 1, 9207 20g, oſz8, 802 57 


80), gſo 1,1] 8 0), oſ1g, o 1 56, 5/2 2, 0208 206, oſz 9, lz 58 


9008, 90 1, 30 59158, 107,91 5,2 137, 522, 120920), oſz9, 1239 
10109,9 01,4] 60159, | 108,911 5,3 158, 402 2, 32 10208, o 29,2] 260 
1110, 901,5 61 eo, 48, rr fog, 15,5 159, 42 2, 4 11209, 0 TW TT, 
121, 901, 62[61,4]08,6}112|110,9]1 5,0 160, 42 2, 6 r 220, 902 9, 5/2 62 
1312, 9001, 8] 63162, 08, 8113111, 5,7 161, 422,72 132 10, 9029, 60263 
1413, 900 1, 9 04 63,4008, 9 114112, 913,9 162, 422,82 142 11,929, 8264 
151490271 65 64, 409, oli 151 13, 916,0 163, 4023, z 15 212,9129,9 2651262,4 
1615, 802, 2 6616 5, 409, 2 161 14,916, 1166164, 402 3, 12 162 13, 9030, 1 26626354 
11776, 802, 4 67 66, 4ſog, 3 117115, 16, 3616765, 4423, 202 172 14, 9030, 2267 
1817, 80a, 5 6867, 309, 18 fr 16, 916, 41680166, 423, 4% 18215, 930, 30268 


1918, 802, 6 6968, 309, 6119 112, 806, 616 9/167, 423, 5 192 16,930, 51269 
20119,8102,8| 


| 20 | 70109,3Þ09,70120[118,8116,7]17 0[168,4123,7][220|217,9 30,6 270 
2120, & 02, 9 71 70, zog, 121[119,8[16,8|t71 69,3023, 8221 [2 18,9030, 8071 


2221, 803, 1] 721, 310, ol 122 1 20, 81), of 7210, 323, 92222 19, 8030, 9272 
23022, 8003, 2 72, 310, 123121, 801, 1173171, 3024, 102232 20, 83 1, oz 73 
2423, 8003, 3 74/73, 3 10, 3124122, 8017, 30174 17253 24, 2224221, 831,2274 
122 ZI, 4/128 [123.8017425 7334/28 225831237 [272:3135,3 
26 75,3010, 126124, 8017, 76174, 3024, 5226223, 803 1, 570 
27 76, 310, 127123, 817,777 175, 3024, 627 [224,813 1, 6277 
28 77, 210, 9128 126, 817, 8178 176, 324, 8228223, 803 1,778 
| 29. 78, 2110129 127, 18,0179 177, 324,92 292 26, 803 1,9 79 
4.30 7952411 11,1130 128,718, 1180 [178,302 5, 12 30 [2 27, 8032, oz 80 
3130,74, 3 80,2 211 1,30131[129,7]18,2]181|179;2[25,2]231|228,8]32,2]291 
3231,74, 82 81, 2111, 40132 130, 718, 4182180, 2 5,3232229, 732, 30282 
3332,74, 6 83 82,2 2]11,611331131,7118, 5183 [181,212 5, 50233230, 732, 40283 a | 
34433, 704, 8483,21 1,7134132, 718, 7184182, 202 5, 60234231, 732, 62848 1, 239,5 
35 ZP O 858 f•2 11,80135/(13327 18,818 5183, 223,823 5232, 732,728 282, 2039,7 


3635. Ps, of 8685, 212, 001361 34,718, 986184, 25, 9236233, 732,9 286 283,2139,8 
376g. 5, 2 37136, 2 12,11137[135,7]19,11187 [18 f, 2026, [237 [234,7]33,0]287 284, 240,0 


3938, 6ſ0 5, 44 8988, 112,4 139 137,719, 318918, 226, 30239236, 733,3 289 286,240, 2 

4039,60, 6 9089, 112, 5401 38,619, 51190 188, 226, 4240 37.733,40 [257521424 
41 40,5, 91, 12, 741 39,19, 0 9 1189,20 26,6½ 41 fa 38,733,591 88,2055 
4241, (05, 80 92 9171 12,8142 140, 69, 8192 190, 126, [242 239, 733,7 292 289,2 49,0 
43 42, 6, o] 9392, 12, 9143141, (19,9193 191,16, 943240, 63, 893 [290-2 40,0 
4443, P, 1 9403, 111 3,1]144[142,6]20,0]194|192,1/27,01244|241,0]34,01294 [9711409 
4344.6 06,3 95941 1352145 143.6020, 2 I951193,1127,1 245|242,0 34,1 
4045, 6% 06, 2 96095, 113, 4146144, 620, 30196 194,127, 3 246243, 634, 229693, 1012 
| 47140,5]0,3] 97 190,1 13,5047 145,620, 59795, 107,44) 2156 34497 294,104½53 
4847,50, 4 98%, 013, 6148 146, 60, 198196, 127, 648 245,634. 298 29551 4155 
4948, 5, 4 9908, 003, 8 149 147, 620, 799 197,1 2757 249246, 634.7129 296, 1041, 
175 40, 50), o 100 [99,011 3,9]150 [148,5]20,9]200 1198, 127, 8 50247, 634.8030 29721 148 


3837, 3,3 88 87,1 12, 2380136, 79,288 186,26,2½ 3835,73, 1068 285, 240, 1 


2951292411410] 


iſt Dep. Lat. ¶Diſt. Dep. Lat. Miſt. Dep. | Lat, [Di] Dep. Dep. | Lat.|{Diſt.| Dep. Lat 15 Dep. [Lat] 
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9% Difference of Latitude and Departure tor 9 Deg. 
Put. Lat Dep. {)ilt. Dit) Lat. TD n Diſt. , Lat; FD AR.1 Lat. Dep. * . Lat. Dep. 2 Lat. [ Jep 
© 11o1,0j9,2f} 5150, 408, [tor 99,8 149, 103,01 198, 4,45 147,953 
2 192,9400,3} 5251, 408, 1102 100,7 50, 123, 8202199, 503 1,6% 52 248, 939,4 
303.000, 5 5352, 308, 30103 101, 151, 123,903 200, 5 1,7530249, 939,0 
404, ooo, 6 5453, 308, 44104 lo,) 152, 124, 104201, 53 1, 92 34 2 50, 9 39,7 
5124491228] _551543P3,0105 [19357 1 53, 112421205 [202,5'32311255|251v]39,6 
605, 9 00, 9] 5655, 308, 8 ro õα, 154,124, 4 06 203, 532,2 256 25239 40,” 
7 06,901,137 56, 308, 9 107/105, 155, 124, 0 207 [204,5 32,457 25355 40,2 
807, 901, 3 5857, 309, 1108 |106,7 156, 124, 208205, 432, 5 58 |2 54, 8040, 4 
9008, 90 1, 4 5958, 309, 2109 107,7 1 57,c[24,9209 (2004432,712 59 55, 40, 5 
1909926 60 5923099411 108, 158,0 25,0210 ]207,4[32,6 260 2 50,8 40,7 
1110, 90 1,7 6160, 209, 111100, 6 159,0 208,43, [61 287, 8040, 8 
12 11,901, 9 6261, 209, 12110, 6 160, 209, 4033,22 62 [2 58, 841,0 
1312, 902, 0 63 62,2 09,9; 113jI11,6 161,0 210, 433,30 263 259,841, 1 
14 3,8002, 2 64 63.2 10, [141 12,6 162,0 211,4 3375 264 260, 8 41,3 
1514,82, 3 6564, 2 — 115 113,6 163,0 212,433,6265261,/41,4 
15 13,8 02,51 666 5,2 10,3 116 114, 6 164,0 213, 3033, 8266262, 41,6 
1716, 802, 67 [66,2 10, 117 113,6 71164, 9 214,313 391267 263, 741, 8 
1817, 802, 8 68 67, 10, 6118116, 5 165,9 215,334, 1268 264, 41,9 
1918, 803, 0 69 68, 210, 8119117, 166,9 216, 334,3/269 263,742, 1 
20195800321 2969,11, [1291185 167,9] 217,3134-4! 270 260, 742, 2 
2120, 703, 30 7170, 11,1211 19, 5 168,9 218,334.77 26% 42,4 
2221,73, 7217 1,1]11,311221120,5 169,9 219,334, 720268, 7/42, 5 
2322, 703, 0 7372, ! 11,4]1231121,5 170,9 220, 3 355975 269, 6042, 
2423, 703, 8 7473,17, 6124122, 5 171,9 221,235,002 74 70, 642, 9 
2524.23: 75 710 70125 123,5 172,8 222,438,275 271,043. 
2023, 704, 10 76 | races 19,7 176 173,8 22 3,213 5431270 [272,014 3,2 
127 26,704,277 125,40 9,9 177 22 224,235, 5/2772 73, 643,3 
2827, 704, 4 78 126, 420, [178 173, f. 225, 235,7 278274, 643,5 
2928,64, 5 79 127, 4020, 279176, 8 220, 235,80 279 [27 540]+3,0 
3296 2 80 80 128, 420, 301 80 17228 227,236, lz 80 276, 643, 8 
31 50,6062;81 81 129,420, 50181 178,8] 228,236,128 7 277»>51+ 259 
32031, 603, ol 82 130, 420, 6182179, 8 229, 1036, 3282278, 544, 1 
332,608, 2 83 131, 420, 8183 180,7 230, 136, 4283279, 344,3 
3433,60 5, 31 84 132,4j21,0]184|181,7 231, 136, 62842 80, 5144-4 
35134-09551] 8.5 133,3]21,111851182,7 2 32,1136,81285j281,5]44,0 
36135,6]5,6] 86 134,301, 3186183, 233,136, 9286½282, 544.7 
3736, 55, 8 87 135,302 1,0187184, 234,103, 1087283, 544,9 
38037, 503, 9 88 136,3 21.188 185,7 235,137, 2288284, 545,0 
3938, 506, 1 898 137,302 1,7189186, 236,137, 44289 285, 445,2 
40 394512043 90 138,312 1,91190[187,7 237237225220 286, 445,4 
4140, 506, 4 91 139,3022,10191 188,7 238,037, 72910287, 445.5 
2 44,505, 92 140, 3]2-2»2,41192 189,6 239,0037,8 29228 8.4045, 
342,36, 93 141, 22, 4193190, 603 240,038, [93 289, 445,8 
4443,56, 9 94 142,222,50194 191, 4.241,08, 2294 290, 446,0 
_+5144>4197,0f} 95 143,2]22,7195[192,0]3 242,038, 3295291, 44671 
j +2 1+5,4Þ722]| 96 144, 2 22,8196 193,6 243,038, 596 292, 446,3 
476, 4%, 497 143,223, 0197194, 6 244,038, 6297 [293,3 46,5 
4847, 407, l 98 146,223, 1198 195,6 244,938, 80298 294, 346,6 
4948,47, f 99 147, 202 3,3199196, 6 245,938, 9299 293, 3046, 8 
5040,40), 8010 148,2]23,5]200 [197,513 246,9139,111300 [290,3]40,9] 
Vilt Dep. Lar. Dit. ep Lat. Diſt.] Dep. Diſt. Dep. | Lat. |Diſt.! Dep Lat. 
Difference of Lat. and Dep. for 8 81 Deg. 
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105. Difference of Latitude and Departure for 10 Deg. 


Diſt |Lat. [Dep.þDiſt Lat. ]Dep.jDift.| Lat. |Dep.jDiſt.| Lt. | Lat. Depp Lat. Dep, 
LEON 1975913499251 242,355 


00,2} 51 50, 208, 80101 

2 [o, oſoo, 34 52 [5 1, zo, ol oa 198,913 5,252 248, 2 43, 
303,000, 5] 53 J[52, 209, 2003 199,913 5421253 249,230 
403, 90, 7 5453, 209, 404 200,935, 4254/50, 14, 
5 2012913515255 [25131144,2 
6 


04,9100,9] 55 [54,2109, 5/1105 
202,913 5,7]1256]252,1144.5 


0g, 90 1, 5655, 1009, 706 

76, 9%, 2 5756, 109, fro: 203,935,957 53, 144,6 

8 107,9101,4] 8857. 110, ros 204, 8036, 10 582 54, 144,7 

908, 9001, 5958, 110, 2 [r 09 203, 8036, 225902 5 5,1 44,0 
| 206, 8036, 4 60.2 56,0/4.5.1 


| 10[09,8[01,7]] 6059, 110, 4 10 | 
11 10,800 1,9 61160, 110, 60111 207, 836, 6261 257,9145,3 
208,8[36,81[262|2 58,0045, 4 


1211, 8002, 1 6261, 110, 801 12 
13112 8002; 6362, 010, 9113 209, 8036, 92632 59, oſ4 , 6 
1413, 802, 44 6463, 0011,10114 210, 737, 1264260, 04,8 
1814, 802, 6 6564, [11,2015 T1: 211,737, 30265261, o 46, 
1615, 802,80 665, off, 4% 161 14, 2 20, 1166163, 5 212,737, 5266252, 0,1 
1716, 02, 9 6766, [11,6171 15, 220, 3167164, 5 213,73 7, 267262, 946, 3 
18 17,703, 1 686), [1,8118 116, 220, 5168165, 4 214, 737, 8268263, 40, 
19 18,703, 3 6968, 0. 2, of 19 f 17, 220, 66169166, 4 215,738, fz 69264, 94%, 
2019, 703, 5 7068, 912, 101201 18, 220, 8170167, 4 216,738, 10270265, 946,8 
21020, 703, 6 71069, 912, 31211 19, 2 . 168,4½29,7½22102 17, 638, 3271 206,9 475 
2221, 703,8 7270, 912, 51 22120, 1021, 2172169, 4 218,638, 5272267, 947,2 
2322, 704, 0 7371, 912,123 121, 12 1, 30173 [170,4]: 219,638,273 268, 847, 

243.604, 20 7472, 912, 8124122, 102 1,6 74171, 4 220, 6038, 8274279, 847,5 
2524, 6004, 30 75 73, 9013, [1251 23,1 21,7175 172, 30. 5221, 6039, 0275270, 845, 
2623, 604, 5 76 74,8 1 3,211.26 124, 1021, 80176173, 3 222, 6039, 2276 z71, 804), 9 
2726, 6004, 7 77 73,813, 44127123, 1022, 0177 74, 223,539, 44277272, 8048, o 
28 27, 604.9 7876, 81 3, 50128126, 1022, 2178173, 224, 5039, 5 2780273, 8048, 
2928, 603,0 7977, 813,71 2927, [z 2, 44179176, 3]: 225,539,779 z74, 848,4 

3029, Sſog, 2 8078, 813,1 301 28,002 2, 180177, 3 220, 539, 9280 273,748, AM 


6 


1 3130, 5 5, 1 81579, 8014, 132|129,0]22,7 181178, 203 1,4231 z27, 540, 1028 1275,78, 

22 31,500 5, 5 8280, 8014, 20132130, oz 2, 9182179, 23 1,6232 2 28, 5040, 2282277, 48,0% A 
3352,55, 8381,74, 40133131, 0023, 10183 18,33 229,5 40,4120 278,740, 
* 3433,55, 84 134132, 03, 218418 1,231, 9234230, 440, 6 ne 279714992] Þ8 

4 3513 34.506,10 85 711351[132,9123,41185[182,2 32,1 235123141407 28 51280,7/49,4 : 

4 3635,56, 2 86 9136133, 9,23, 6186183, 232, 30236 |2 32,4 281,04, % Þ 

[|  37136,4106,4]] 878 137 [134,912 3,9107]184,2[32,4\237 [2334] 282, 49,80 |} 

th 3837,46, 6 88 | 1381133, 923.9188183, 1 32,6 2380234, 4 283, 6049,90 

| 3938, 406, 8 89 139 136,924,189 186, 1032,80239 235,4 284, 650, 


40 39.405, 99 149[137,0]24,20 1901187, 1 3229 240[2306,2 


* 440, 407,10 91 51 ,8[141138,9 24540797 188, 1033, 1024137, 3 
„ | 421415410723} 92 142 |139,9]24,0]192]t89,1]32, 3 242238, 3 

43142,3197>5}} 93 143|140,5124,81193]190,1133,542432393 
4443, 307, 94 344/147, 802 5,0 94191, 33-6 244 [2 40,3 
| 4514431270 95 5145 142,802 551 1951192, 0 33,9 245241, 3 


285,680, 3 
280,650, 
287, 600, G 
31288, 50,8 
4289,51, 


290, 515192 


Lene ei no Ae ae Po 
2 — 3 » . * f 15 of 


46145, 308, 90 146 143,802 5, 3196 193,034, 0 34,0246 |2 42,2 2914515195 
474,308,097 147144, 80 5,97 (194,034,247 [2432 292.5 v5 
4804, 308, 31 98 0%48 145,7 5,7198 195,004,348 [244-2 293.551] 
4949,38, 99 149 146,725,899 —58455 249 [24552 2943519 58 
- 50149,2198,7[100 7-311 50 [147,712991200[197,0]34,712 59 [2402 29544922] 
List. Dep. Lat.|{[itt, Dep. 0 Diſt. Dep. | Lat. Gift. Dep. Lat. Diſt. Dep. 1 7 | Dep. Lat. 
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— "Difference of Lat. and Dep. f for 80 Deg. 


T71* Difference of Latitude and Departure for 7 II Deg. 


Diſt.| Lat. Dep. ¶Diſt. Lat. Dep. Diſt | Lat. Dep. Ditt.] Lat. Dep. {Dilt. | Lat. 


b 2 5150, 109, [101 99,119, 3151 148, 28, 820119), 3 

02 oo, 4 5205 1, oſog, 9102 loo, 119, 5152149, 229,202 198, 3 
52,900, 5352,10, 1103 101, 119,153 150, 229, 2203199, 3 
03, 900, 8 5453, 010, 34104102, 119, 8154151, 2 294 204 |200,2 
04,9191,0] 551540110,5|105[103,1120,0]1 55 [152,1129,6]2051201,2139, 
0 5, 900 1, 1 5655, 010, 7106104, oqz20o, 216153, 129, 8206202, 2 
06, 9001, 30 8750, 10, 910) tog, oſ20, 4415 154.1030, [20 [203,2 
07, 90 1, ] 5856, 911, 1108 106, 020, 158 155, 1030, 10208 204, 2 
08, 801,7 59[57,9]1 1,3}109 [107,0j20,8}1 59 156, 1030, 3209208, 2 
09,8[91,9] 6058, 911, 4110108, oſz 1, e160 137, 130, 52 10 94092 260 


10, 8 025,1 61 59,9 11,111 109,0 1, 216 1158, [0,7 11207, 14, 31261 
11, 802,30 6216 0,91 1,8112109, 9/2 1, 4/162 159, [ 30, 92 12208, 1140, 
12, 802, 5 6361, 8012,01 131 10, 9) 1, 6163 160, 0031, 102 13209, 1040, 


13,702, 7 By 62,8 12,2 [1141 11,91, 8164161, 003 1, 302 142 10, 1040, 8 
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14.7 02,6 5063, 8012, 41151 12, 9a 1,9165162, 003 1,2 15 z 11, o 1,0 
15,703, 1 7 64, 801 2,1161 13,922, 11 66162, 931,7 16 z 12, 041, 2 
16,703, 2 67 65,8 12,8117|114,8|22,3\167[163,9]3 1,92 17213, ol4i, 50,9 


1817,03, 4 68 60,7] 390 118113, 802 2, 5168164, 9032, 102 18 [2 14,0041, 6% 68263, 108 1,1 
1918,73, 6 6967, 13,2119 11, 822,7 169165, 932, 20219 15, oll, 8269264, o 1,3 
2019, 003, 8 7068, 7/13, 44120117, 822, 9 f 70 166,932, 4 

21 20,6104,0] 71 69, 713,121 [1 18, 8ſfz3, 1171016, 9/32, 62 2 1 z 16, 942, 227 10266, 006 1,7 
222 1, 604, 2 72/0, 713, 7 22119, 8023, 3172168, 8032, 8222 2 17, 942, 4472267, 006 1, 9 
23122, (04, 44 7371, 713, 9123 120, 73, 50173 1 33,223 218, 9042, 52730268, 0052, 1 


| 
2423,64, 74 72,6[14,1]124 [121,712 3,7][174 [170,813 3,21224 [219,9]42,711274[209,0]52,3 
251244510498 7517 3-0114-30125 [122371239901 75 [1713813 3.41225 1229914229275 [2095915245 
2012 5,5105,5} 7074,14, 5126 (123,74, 0¼7%½72, 8) 33,01226 221,943, 1276270, 905 2,7 
| 2725,03, 2 7775.64, 712712974, 177 117 3,7133,81227 [222,5[43»31277 [27 1,9]5249 
5 | 2627, 105.3 78076, 6014, 9128 125,0124,411 70 174,734, 00228 223,843, 5278272, 905 3,0 
4 29128,530550 7917 755115511129 126,04, 6179 [17 5,7134,21229 24,843, 77973, 953,2 1 
þ 3029, 405, 8078, 5 15.3013 127+6]24,8]180 [176,7 176,7134,312 30 [22538[43,9]]200 [27 449] 5 3.4 | 
I 315405, 8179, 1550731 128,6 5,0181177, 734,53 1226, 4, 1028 10275, 8083, 1 
1 3231, 400, 82080, 15,6132 129,623, 21821738, 03472322277 44,3282 [276,915 3,0 
: 33132,4106,3] 8381,13, 8033 1 30,0[25,40183 [179,0]34-9[233 228, 7483277, 8850 | 
| 34133,4106,5] 84|$2,5]16,0j} 34. 13155 2540 184180, 6 3511123412297 44,01284 |278,8|54,2 un 
R  35124.,4\0,7] 85 3 2,4|1 6,2 135132, 5 25,8 185181,63 55323523057 4440 2830279780594 i 
? 36 35,3006, 9 86 8474 16,4 1364133,5{2 5, 9186182, 35%5 236231,7 48.989 280, 754.6 
:  37139,3]Þ731] 87 18 15 134,06, 1087183, 65,7 237 32,6% ,2½87 287,754 
AF 3837, 30% 3 88086, 416, 813813 3,26, 3188 184,03 59238 233,604, 4288282, 753, 
I 3938, 300%, 44 89187,4117,o01 39[139,4/26,5]189 [18 5,5/30,1]239[234,0145,01[239[233,7]5 5,1 
1 40139, 3107,6] 9088, 217,20140[137,4/26,7}190 [186, 51393 [24023 55014549/1290 [284471553 
3 "41 {40,2j07,8 91139,317,41141138,4/26,9]191 [187,5/30,41241 [236,0]46,0291 [285,0155,5 
4 4241, 208, ol 9290, 3 17,0) 1420139, 7, 92188, 536,642 37.5 46,2292 286,655,.7 
f 43 Ua, 208, 2 93 01, 301), 43140, 427, 30193189, 436,84 243 238,54, 493287, 5829 
3 44/43, 208,4 94192, 30179]144[14153]27,50194 190.40 2441239, 546, % 94288, 056, 
4 | 45 44,208, 6 9593, 318, 0145/142,30 27,7195 191.4322245 2 40, 5 42171295 289,0 50,3 
3 4643, 208,8 96 935018, 1461143, 327, 901966192 104755 241, 547, 0296290, 556, 5 
A | 47 146,1109,0 97 [95,241 8, 50147 [144,3]29,01197 193,475 1247 [242371471297 [291,7156,7 
I  48{47,2109,2\ 9896, 218, 7148143, 3028, 2198194, 379, 248243, 447, 298292, 556,9 
+I 49 K „109,3 991972 19,9] 149 [140,3]23,44,199119 5,4 38,0149 [2444]47>512991293,5]570 
50149, 1109. 54100 [98,211.94 141 59 {1 472128,602001199, 3)39,2.12 50 [2455414771329 12945515752 | 
Dat ©: Ber [Tat Dif. Dep. Lat. Dir Dep. Lat. Dit Dep. Lat Unt. Dep. Lat, ¶Diſt. Dep.] Lat | 
| Difference of Lat. and Dep. tor 79 Deg. 
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| 122, Difference of Latitude and Departure for 12 Deg. 
mo Lat, Dep. Ut. L: 4 Lat. [De Lat. Lat. Dep. (Dit. Lat. Lep. 
1 lo, doo, 2 98,8 147,7 [196,0 4, 8251243, 552,2 
2 [92 oO, 4 99, 8 148, 197,642, 02 52240, 552,4 
302, ſco, 0 100,7 149,0 198, 5042, 2253247, 452, 
4003, qſoo 8 101, 150,6 199,042, 4 54248, 452,8 
594.9000 102,702 151,0 200, $142,0112551249,415 3,0 
6105,9101,2 103,7 152, 0 201, 2, 8562 50,4053,5 
706, 80 1, 5 104, 6 153.5 202, 4443, 10257½251, 353,5 
87,801, 105,6 1 54,5 203, 43, 30258252, 3053, 
9008 60 9 106,6 155,5 204,4143-5[2591253,3 539 
10{09,0,02,1) 197,6 156, 5 3 3:30210 (29541437 250 54,3 35451 
11 70,8 02,3/ 108,6 157, 5033, 5 11206, 443,9 261(255,304,3 
112 1 1710245 109, 5 158, 433,72 1220), 344, 10262 [2 56,2 54,5 
| 13112,7,02,7 1 10,5 1 59,4]3391213 [208,3/443312631257,2154,7 
| 1411327: 02,9 111,50 160, 434, 102 14209, 3144, 52 642 58,254, 
| 15114,7:03,1 5112, 5 161,41: 210, 344.7265 2 59,215 5,1 
| 19]15,603,3 13,4 162,3 211, 244, 92662 60, 1053, 
17116, 603, 5 114,4 71163, 3 212,24, 1267261, 155,5 
18 17, 603,7 115,4 164,3 213, 245,3 268 262,1 3957 
19118,6j04,0 116,4 16,3 214, 24, 6269 263, 150,0 
291956042 11744 166,3 215, 214581270 [204,1150,2 
2120, 504, 4 210118, 3 167,2 216,146,027 1263, 05,4 
122 21,504, 7270, 45,1221, 3 168,2. 217, 146, 20272266, [56,6 
| 23 22, 504,8 73 e e 1230120, 3 169,2 218, 146, 4273267, 06, 8 
| 24 23,5. 74072, 45, 412412 1, 3 170, 2 219,146, 6 7468,00 
252 503, 2 75 73, 41 3,6125122, 171,2 220, 146, 8275269, 05%, 2 
2525,45, 40 76 set. 172,1 221,047, 00 76269, 957,4 
276,405, 7775, 016, [127 (124,2 17351 222,047, 7770, 976 
25 27,40 5,8 78 76, 30716, 20128125, 2 17441 223, 07, 478271, 9578 
2928, 406, 79½77,3½ 6,4412920, [7531 2240047, 79 72, 958,0 
| 39%½9,3 00, 8078,26, % 13012771 176,0 | 224, 047, 82 80 273,8158,2 
31 30,36, Ir79 1658 131]120,1 177,037, 6 31225, 9 48,00% 281 274,805 9,4 
32131, 3 6,7 82180, 17, 1132129, 178,003 7,9 232226, 948, 3 282j27 5,0 58,7 
3332,36, 8367, 27,3330, 1 179,38, 11233[227,9]48, 5283 76,8058, 
3433,37, 1 8482, 2017, 30134131, 80,038, 302 342 28, 948, 7 284|277,859,1 
351342107431} 851031 1757) 1358132, o 80,9038, 235022, 8 948,085 278,759, 
3635, 207, 8684,11, 91360133, o 181,938,362 30, 8049, 10286279, 759,5 
3736, 20%, 8785, 118,137 134,0 182,938, 923723 1, 8049, 3287280, 75957 
| 3837, 207%, 9 88 85, 109,3 138133, of. 183,939, 10238232, 849, 528828 1,79, 
| 59 38,1j08,1j 8937, 18,5 139 135,928 184,839, 302392 33,749,289 [25 2,0 5051 
40039108, 99 58,0118,71140[130,9]2 135,8139, 50249 [234+7[49+9]290 [23,0]09.3 
41 (40,1103, 5} g91189,ch18,901411137,9 186,8]39,7 "241 235,70, 1291284, 60,5 
4241,18, 920, 19, 10142138, 9 187,839, 924202 36,750, 32920285, 6 60,7 
43 A2, 08, 9 93 019,30 43 139,5 88, 8040, 1430237, 50, 593 286, %o, 
4443, 9,2 9407, 9% 9,6144140, 8 189,7 40, 244238, 650, 8294 a ev, 
| 45144+2199,4]_95192,9þ1995145114 159]; 190,7140,612451239,6]51,01295 288,510 1,4 
46445, 9, % 9693,92, 140/142, 803 191,7, 8045 240, 6% f, 296289, 51, 
{ 47{492,0109,8) 974,900, 2147143, 80, 192, 41,0247 41, 57,4097 290, 561,8 
48065, 0, f 985,820, 4148 144,7. 193,641, 2248 242, 55 1,0% 98 291,462, 
491479 1042] 99%56,8020, % 49/45, 194•6 47,4249 243,051, 899 292, 42, 2 
{ 5©[+5,9]10,-[102197,8120,81150[140,7]31,2]1200[195,0 41,60 244,552,300 293740 
Jil. Yep. [Car lO. 7ep Lat. Biff Dep. Lat. Dit Dep: | Tar Biff. Dep. Lat. Ii. Dep: Ta 
| Difterence of Lat. and Dep. for 78 Deg. _ -þ 
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13”. Difference of Latitude and Departure for 13 Deg. 
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f Pitt. Ditt Lat. 28 it. Lat JD-p. Jt, Lat. [Dep.hDiſt,y Lat. Dep. D Lat. Dep. MDiſt.] Lat. Hep. 
: 107,000, 2 51[49,7]11,5)101| 98, 4022,15 1147, 04,0119, 45, 2510244, 056, 
1 251, 90, 4 521527 [11,7102] 99,422,952 148,1 3 202196, 94455 245,856, 7 
, 302, 900, 7 5315161 1,9]103 100, 423, 253149, 34, 4203 197,845. 253240, 56,9 
I 403, gſoo, 9 5452,12, 1104101, 3023, 401841 50,1 37 198, 459254 2475513 7»1 
1 $1949 OI,1 551530 12,4 wh 10223 23,0 155 131,0 34491205 1994714 ),1 I 255 248,5 5724 
: 503, 80 1,3 56 54,6 12,611061103,3 23-8156 152,0]25,1 5.11200 200,7 26,3 5624955 249,057, 
I 7%, 8,6 57155,5]12,8|107|104,3 24311157 [153-035,31207 [291,7146,6 25255,455 
80%, 81, 8] 5856, 513, 08105, 24,3 156 154, 003 5, 54208 202,4, 8258 251,458, 0 
9ſo8, So z, of 395 7550(13, 30109100, 24,5159 154, 9035, 8 ſfzo 9g, 47,0259 252,458, 3 
10 o. 00158, 5% 3,5011 [19722425 1 55,936,012 19204, 6147,2 260 253, 3038, 5 


1110,02, 0 61 5054 13, 7111108, 23, 0161 |1 56,9036, 2 11205, 64%, 261 254, 3 58, 
12011, 702, 7 6260, 413, 91 12109, 1025, 21621 57, 9036, 4% 12206, 647,7 262233, 3 38,9 
1312, 702, 90 636 , 4/14, 21131 10, 123, 44163188, 836, % 13207, 547, 92632 56, 359,2 
1413, 6 03, 6462, 414, 4114111, 123, 51 641 59, 8036, 9 14208, 548, 10264287, 2 50,4 
1514,64 651033111 4,6]115 112-1259 (65]100,8[37,1215 209, 5/48,4 2651259,2159,0 
16/15, 60 3, 6 6664, 314,8 116 113,0 20,1155 161,7 37530216 210, 48,2662 59, 259,8 
1716, 6003, 8 6765, 3015, 1117114, o[z6, 30167162, 737, % 172 11,448, 8267 260, 200, 1 
1817, 504. o 68 66, 3015, 3118 f 15, oz 6, 5168163, 737, 80218 212,449, 268 261, 1050, 3 
1918, 4,3 69 6, 25,50 191, 0 6, 869 164, 7038, 0% 1912 13,440,369 262, 100, 5 
04,5 70 68,2 15,7120 116,9 2750170 165,6 38,2220 214, 440, 5 270 263,1 60,7 

21 20,5104,” 71069, 216, 001211 17.927, 171166, 638,50 221 215,304,771 264, 161,0 
22021, 404, 9 7270, 216, 21221 18,927, 417216), 638, 72 22 16, 349, 9272263, 06 1,2 
2322, 405. 2 7371, 116, 41231 19,927, 173168, 6038,92 23217, 30, 2 273266, 61,4 
2423,45. 4 74/72, 1016, 6 24120, 807, 9174169, 8039, 102 4 18, 350, 4% 7467, 051,6 
2524, 405, 6 7573, 016,912 121, 8028, 1175170, 5039, 42 2 5 2 19, 250, 627 5268, 061, 9 ; 
2612 5,310 5,8] 70174,ij[17,1]126]122,6 1761171, 5039,62 26220, 250, 8276 
2726, 3006, 1 7775,07, 327123, 728, 67772, 539, 8/2721, 21, 1077269, 9,62, 3 
28 2753 06,2 79 70,0 I 745 128 12457 178 173,440, 0 228 2225, 2 51,3 279 270, 9062, 5 1 
29/28, 300, 5 797 70]17,81129]125,7 17% οαẽx: 32923, 151, 5/7971, 962,8 | 
3029, 206, 80[78,0j18,95f130|120,7]29,2h180|17 5,4140,5}230 22421 115157 280272, 8063, o 1 
1555 131127, 6 181176, 440,7 231% * 52,0 2810273, 863,2 | 

20%, 2 8279,98, 4132128, 6 182177, 3040, 923202 26, 1052, 20282274, 863,4 

07, 4 8380, 9/18, 7133 129,6 183178, 3041, 20233227, 005 2,4283 
07,6 84|31,6\118,9,134 139,013 184179, 3 "wht 4 228,05 2, 6 84 


1107,9_85|82,8119,1[135[131,5139,41185[180,3]41,6}}235[229,0152,9]285127757194.1 
08, 1] 8683, 8019, 31360132, 5]: 186181, 2041, 4.8356 230, 053, 10286278, 754, 3 


08,3 $7 184,8[19,9/137[133,5]: 187182, 242, 16237230, 9 5553089 279,664, 6 
8,5 88883, 719, 8138134, 5 188 183,242, 3 228 231,9 53351[296 280,0164,8 
,0j08,31 8986, 720, 0139135, 4 189184, 242, 52 39232, 953, 80289 28 1, 66 3,0 

09 9 (8722297214 136,4 17019 [185,1142,7249 3.94299 282,015 5,2 


9,2 9188,20, 5141137, 431,7 191186,1 (aha 2 3448|54,21][291 [283,516 5, 5 


— — 


09, 4 9289, 620, 142138, 403 1,9019218, 143, 2242233, 84,4292 284.5557 
09, 93000, 620, 9143139, 332, 2193188, 1043 243 236,854,793 285, 05,9 
09, 9 94% 1,6% 1, 144140, 3032, 4194189, 043, 6½ 44% 37, 8055994 286,566, 1 
10,10 95[92,6]2 1,41145j141,3[3201195[190,0 4359 245[238,7]55411295[257,4406,4 | 
10,3] 9693,5½ 1,6146142, 332,899 7,0 7 46 239,755,296 58,46, 


19,6] 974.5 1,8047 143, 203m, 19 [192,0]44,3]247 24, 55,6% 9) 289, 466,8 
10,8 98,522, 0148144, 198192, 944, 3/248 f 241, 655,80298 [290,4]67,0 
11,0 996, 52, 3149145, 199193, 90 44,8249 % 42, 6b, fz 99291, 300, 3 
11, 2 1007,42, 5 146,233,700 190 0 243700652 300292, 367, 5 
; Lat. Diſt. Dep. Lat. Diſt. | Dep. Lat. Biff. Dep. | Lai IDiſt. Dep. Lat. Diſt.| Dep. | Lat. 
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14” "Difterence of Latitude and Departure for 14 Deg. 
Diſt.j Lit. D p. Dut. Lat. Dep. itt. Lat. Dep. Dit. Lat. Dep. IDiſt.] Lat. Dep. Diſt. Lat. Dep. 


91, 0, 2 5 14, 12, 3101 24,4015 [140,5130,5]201]195,c 4•6%½5, 243,550, 
21,9100, 5 5250, 51 2, 7252 [14755 36,8202 [196,c 45,9252 244,510 1,0 
52, 900, 7 5351, 4/12, 8 24•953 [149551370203 4449, 10253½45•5 01,2 
03,901, 0 54/52, 413, »912 532111 54 49,43 7,3 1204 1975 +g:41254 240,4101,5 
04,910 1,24 55153»411 353 2 5,411 55 [15944/37,51[2051198,9149,012 551247416 1,7 
55,801, 59154,3]! 3,0 156 [151,4/37,71[206[199,9]49,9|256|248,4]62,0 
56 ,$101,7 571554311 3,8 157 [152,3]38,0]207 Zoo, & 50,112.57 249,410 2,2 
97, 801, 9 55150,3114,0 158 153, 338, 2208201, 8050, 3½ 58 2 50, 362,4 
08,702, 2 5957. 2J14,3 159 154,338,509 202,8 50,6 2591251,302,7 


108 
109 


I 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

1312, 603, 1 6361, 

14 

15 

16 

17 

18 

19 

20 


O9, oa, 4 6058, 2014,51 10 160 |1 55,2 38,71210]203,8]50,81260]2 52,3[62,9 4 
10,0 2,7 6159, 2 111 161156, 239, 0 110204, 75 1, 100 1253, 2053, [ 
11,60j02,9] 62 [00,2 112 162157, 239, 202 1220, 751, 32622 54, 263,4 4 
113 163158, 239, 402 13200, 75 1, 52632 55, 23, 6 : 
13, 603,4 6462, 114 164/159, 139,72 1420), 6 1, 82642 56, 263, 9 | 
14,603, 6 663,1 1135 165100, 139,9 15208, 652,00[ 2652751064, 
15,503, 9 66064, of 6, 0116 16616 T, 140, 22 16209, 652, 32662 58, 1164.4 
16,504, 10 6765, 0 117 167162, 0040, 417 [2 10, 552, 5267259, 164, 1 
| 17, 504, 4 68]66,0]16, 5118 168163, 0040, 72 18 [2 1 1, 52, 8268260, 0064, 9 4 
18,404, 6 69166,9]16,7]}119 1690164, 40, 9219 z 12, 5 530269 261,06 5,1 3 
| 20 19, 404, 8 7067, 9 120 17064, 9 41,1220 213, 83:2 270 262, 006 5,3 1 
21 20, 400 8, 1 7168, 917, 2121 1711165, 41,4221 214,453,571 262, 906 5,6 9 
122 21, 3005, 3 7269, 9 122 172166, 9041,62 222 15, 405 3,7272263, 906 5,8 a 
2322, 300, 6 73170,8 123 17316), 9041, 9/23 z 16, 4454,00 73264, 966,1 3 
2423, 306, 80 7417 1,8 124 17468, 8042, 102417, 354,20 7465, 
2524, 306, of 7572, 8 123 175169, 8042, 30225 2 18, 3054, 4276266, 8066, 3 
26025, 206, 3 7617 3,7 120 176170, 842, 62 26 z 19, 3054.776267, 806,8 3 
| 27126,2[06, 5} 771747 1127 177 [171,7]42,8]227 [220,3 54291277 268,0107,01 MY 
2827, 206, 8 7817 5,7 1128 178 172,743, 1228221, 258, 2278269, 77,3 4 
0 29% 8, 10%, [ 7976, 129 1791737 pore 22922, 255,479 70,7%, = | 
[ 30129,1 00, 3 807, 619, 4130 1801740 174,6 43,0 23922372 55371290 271,7167,8 4 
9 31305, 1 07, 5 8178, 6 131 181 17570 43,8023 1224, 1053, 928 1272, 68, 'F 
[| 32131, [, 7 8279, 61 132 182176, 6044, oz 32 [2 23, 1066, 1282273, 668,2 J 
i 33032, oſo8, o 8380, 5 133 183 177,644, 30233 226, 156, 44283274, 68,535 BY 
* 3433, oſo8, 24 848 1,5 134 184178, 5044, 51[2 34 [227,0]56,0]284 |27 5,0103,7 | 3 
* 33340008, 85 82,5 135 185179, 5044835 228,086,988 27559 ˙% % NY 
1 36 034,908, 7] 868 3,4 136 86180, 545. 002362 29, 087, 12 86277, 99.2 E 
L 3735,99, 0 878454 137 187181, 443, 3237 f z30, c. 57, 44287278, 509,5 I 
aft 38 36, 9ſo9, 20 8818 5,4 138 188182, 443,238 230, 9057, 6288 279, 40 I 
. 3937, 80, 44 89086, 4 1, 80139 189183, 445,239 231,957, 82 89 280, 4 I 
„ 4038, 80%, 90087, 140 190184, 446,240 232, 958, 10200 |281,4170,2 3 
M 4139,89, 9 94 [38,3 141 191[185,3]46,2][241]233,8 58,3021 28237004 [ 
| 42 40, 810, 20 9289, 322, 3142 1920186, 346,5 242 [2 34,8]58,0]292 283, 30, 
* 43 41,7 10,4 9390, 222, 5143 193187,3 46,7243 235,9 58,8293 284,379, 
4442,70, 6 941, 2 144 194188, 246,944 2 30, 79,094 20 5,317 1,1 
| 45143,7110.9} 951922 145 195 189.2 2147,21245[237,7159,31295 [286,2]7 1:4 


146 
147 
148 


4044, 1, 1 9693, 10. 
47 45,0% 1,4% 97 1944112: 
43846, 6%½1, 0 9893,02 
49 17•˙500 159 1149 

50048, 3/12, 100 [97,0j}2.4,2}1 50 14. 
Dep. Lat.] Diſt. Dep. $873 Dit | 


30196190, 247, 4246238, 750,5 295 287,217 1,0 
197|[191,1147,71247 [2 3971590 

1981192,1]47,91248 240, 660, 0298289, 1172! 

199193, 148,249 f 41, 0,3099 905 

30290 194˙˙1 1148,4 250 242,0 60,5 | E 5 

at. Diſt] Dep. | Lat 5 Diſt. . Dep. Lat. [ Diſt.] Dep. 
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1 = Difference of Latitude and Departure for 15 Deg. 

Diſt Lat. Dep. Diſt. Lat.) Dep.{[Diſt.| Lat. |Dep.|[Lift. | Lat, ep. Diſt. Lat. Dep. 

101,0 310,313,207 97, 0j20,11151 194,1152,0 251 212,4155,5 

201,9 326.21 33505 94 98,5026, 4152 195,152,252 242, 4055, 2 

1 302,9 53151,2]13,70193] 99, 026,7 153 196, 1052, 5253244, 4005, 5 

4 403,9 5452, 214, o4 [109, 526, 9154 197,052, 82542 45, 505,7 

5045 33˙ 747283 985832155 2453055 

4 5603, 8 5654, 1014, T100102, 4427, 44156 199, 053, 302 56247, 306,3 

I 7 [96,8 57581 14,8107 [103,4127,7]1 57 199,953, 2570248, 6,5 

4 807,7 5856, olf 5,of1108 r0o4, 328, 00158 8 200, 9053, 8 5824, 266,8 

I 9198,7 5957, 001 5,3]109[105,3]28,2j159 201, 954, 10239250, 267, 

I 101099,7 6058,01 5,01 10 (06.228, 51160 202,8 223 260/251, 167,3 

4 Tr 10,6 61 58,911 5,8 1111107,2 28,7 161 203, 8 54,6 261 252, 107, 5 

A 12111,6 6259, 9.1 6,01 12108, 229, 0162 204, 8054, 9/262 0253, 167, 8 

* 1312, 603, 63 60,916, 3113109, 129, 20163 203,755, 10263254, 0068, 1 

| 14|13,5 6461, 816,60114/110, 1029, 5j|104. 206, 755, 42642 53, 0068, 3 

* 15114, 5 65162,8[16,8]115|111,1]29,81165 207471556265 2 56, 0068, 6f 

q "116115,5 66163,7]17,1]|116]112,0{30,0] 166 208 »0155,9 2661256,9168,8 

23 17 16,4 67 64,7 I 7,3j117|113,0130,3|{107 200, 656,1 267 257,9 69,1 

I 1817.4 68 65,17, 6118114, 0030, 5168 2180210, 6056, 4 68 2 58,969, 4 
3 19118,4 69 066,617, 90119 1 14,9030, 8169 2190211, 356, 2692 59, 8869, 6 Wn 
I 2019.3 _70167,6]18,1]120}115,9131,11170 220|212,5150,9]1270|200 200.8069. 9 1 
3 21 [20,3 7168, 618,412 1116,93 1, 30171 21 13,5067, 22710261, 870, 1 9 
4 22|21,2 72 69,5 18,6 I22 117,8 31,0 172 2143,4157»511272 262,7 104 | 
I 2322,2 7370, 5 18,9 123 118,803 1,8173 215,457,773 263,7 70,7 1 
5 24 |2 332 74715 1 119,832, 10174 216,458, oz 74264, 75,0 1 
1 2524, 1 7572,49, 40125120, 732, 4175 21773 5855 21275 265,617 1,2 of 
4 205,1 7673, 49,1262 1,732,676 218,3]58,51/276[266,6]71,4 1 
I 27 26,1 7774,49, 9% 27122, 732,917) 219,358,777, 0% 1,7 
I 28127,0 78 73,3020, 2128123, 6033, 10178 220, 259, oz 78 268,5 71,9 1 
I 29 [28,0 7076, 302, 4129124, 33,4179 221,259,302 79½79,5ʃ72, 2 | 

3 30[29,0 80%, 320, % 30/1 25, 6033, 6180 222,295 50280270, 72,5 

565% 8178,22 7,0137126, 53,9781 223,159,281 [27 1,4/72,7] 

1 32 30, 9 8279, 221, 20132127, 534,2 [182 224, 160, oz 82 [272,417 3,0 

1 3337 83 80, 2 7, 133 128, 54,4183 225, 100, 3283273, 473, 2 

A 34132,8 $41]31,1121,7]134[129,413447]|134 226,0100,6]284 [274317 3,5 
besser LS 432285 E bs [275,317 3:8 
1 Hir 8583, 1022, 30136131, 43, 2186 228,061, 10286276, 274, o il 
q 37 [3.557 97 [944212245 123012724557 15 228,910 1,31287 [2775217443 I 
1 38 036,7 8885, o[z 2, 81381133, 3035,7188 229, 9061, 6288278, 2 778 4 
4 3913757 89 [86,0/2.3,0]139|134,3/36,0]189 230,9,61,91289[279,1174,8 9 
1 4038, 6 90 96,9023, 3 19 133,230,219 231,852, 1/9028, 18,0 | 

þ FE; T6 918759 23, 141 136,2136,51[191 232,80102,4\/291|281 1117 5,3 

42040, 6 2 88,9f23,80142 137,236,792 233,752, 6292 282,055 

341,5 9389, 8ff4, 143138, 137,193 234,752,993 [233,017 5,8] 

42,5 9490, 9a 4, 3 144139, 137,394 235,63, 09484, 0076, 1 

5[43,5]12,6] 95829014 140,137250195 3596354958495 

75 41.4 96 192,7124,8|146|141,5/37,8196 537,63, 7296285, 976,6 

45,4 9703, 723, 147142, 038, oi) 38,663, 9297286, 976, 9 

46,4 98 94,723, 4 148143, 038, 30198 239, 6064, 2298287, 87,1 

947,3 9909, 00 5,6149143, 9/38, 6199 240, 564, 4299288, 8 7774 

43,3112,9, 100 96.6% 5,9 150|144,9139,8]/200 241,5104471300 [299,517 7,6] 

t. Dep. Lar.|| iſt. Dep. | Lat. Diſt. Dep. | Lat. ist. Dep. | Lat. [Dif] Dep. Tat. Diſt | Dep. Lat. 

Difference of Lat. and Dep. tor 75 Deg. | 


165. Difference of Laine and Departure for 16 Deg. 
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ict | Lat. Lat.] Dep. Diſt.“ Lat. Dep. Oiſt.] Lat. Dep. Diſt. Lat. Dep. | Lat. Dep. 
13150 40, 0014, 1101 97,1027, 80151145, 1041, 11,6201 193,2 55, 241, 269,2 
2001, 9 50, 014, 30102 98, cſz8, 115214, 141, 9202194, 1055, 242,2 69,5 
352,9 50, 914103 99,028, 44153147, 42, 2 AN 5591253 243,209, 
403,8 51,914, 9104 loo, 28,71 54148, 0042, 44204190, 1 56,212 54 24441|70,0 
bre 52,911 5,21105|100,9]28,9155[149,042,70295|197:9156,5]255|245:1h70,; 
610 5,8 53,511 5,4[106[101,9]29,2}150[149,9]4.3,01200 |1 98,0'55,8' 240, 00,6 
7107 54,801, 0% roa, 809, 01570, 943, 3207199, 7, 247, 0% 0,8 
807,7 55,7/J16, 0.108 frog, 829, 8058 [15 1, 943,208 199, 957, 3258 248, 0% 1,1 
958,7 56,716, 3109 fro, SJ 30, o. 159 152, 8033, 80209 200, 97, 6½ 59248, 9774 
10 ſoq, 6 577216, 1010, 030, 360 15 3, 8044, 10 10201, 807,9 249,9%71% 
11110, 6 58,6 5 106, 730,6 161154, 744, 442 11 |202,8 250,971, f 
1211, 59,6017, 1112107, 630, 9621 55, 744, 6 12203, 8 231,872, 2 : 
1312, 5 60, 617, 4113108, 63 1, 1163 16, 744, 92 13204, 758 252,82, 9 
413,5 61, 7,6% 14 f09, 603 1, 4164/57, 45, 2 z 1405, 7 253,772,806 || 
4 1 5[14:4 02,51179]215[110,5]31,701651158,6145,51215 [206,015 25471739] |} 
k | 16115,4 03,4118,2|110]111,5]32,0166[1 59, 5145,7]|216|207,0 2 5537173,3 4 
| 17 16,3 764, 418, 301171 12, 532, 2167160, 546, [z 17208, 6 7125, 673, 0 3 
di 1817.3 65,4018, 7118113, 432, 3168 [16 1,46, 30 18209, 5 257,073,990 
| 1918, 3 66,3019, [19 114, 432, 8169162, 446, 62 192 10, 506 258,5174,1i | 
[ik | 20[19,2 67,3119,3]120[115,3]33,111701163,4]40,9 22002114 2 59,517 4,4 3 
0 21020, 2 68,2[19,6]|121|116,3 33,31710164, 447, 1221 12,4 200, 574, 4 
þ | 22|21,1 69,2 2119,0]1221117,3133,611721105,3147,4}222 |213,4 261,417.01] Bf 
; 23122,1 70, 220, 1123 a 18,233, 9173166, 347,7 2232 143 262,4 76,2 1 
1 | 242351 71,120, 4124119, 234, 2174 167,2 48,02 24213, 3 6 263,3 7545 I 
4 2524. o 72, 120, 7125120, 134, 44175168, 248, 20223 [z 16, 3 20431753) 
15 2623, o 73, 0020, 9126121, 34,7766, 248, 52262 17, 2 265,370,1( 
# 27 [20,0 74,002 1, 2127122, 1033, [177 170, 1048, 8227 18, 2 2 66,2176,3] KU 
| 28126,9 75,0[21,51128[123,0]3 5,21178[171,1[49,11228|219,1 267,2176,6] 
4 29 27,9 7559021, 80129124, 0033, t 79172, o[49, 3229220, 268, 276,9 
| 30128,8 3] 90 76, 9022, oi 30124, 9 35,8180 173, 49, 602300221, 1 269, 277,2 | 
31129,9 77,92, 30131125, 9036, 1181174, cl49, 923102 22,0 270%½0½7½4 
3230, 8 78, 8022,6132 126,9 36, 4182174, 9080, 22322 23, [03 271,07, 


379,802 2, 9133 27, 836, 7183 175,950, 4% 33223, 906 3272, o 78, o 
34627 8480, 723, 1134128, 8036, 91841 76, 850, 2 342 24,9 284273, 0078, 3 


| 351330 $1,7123,41[1351129,0 37,218 5177, 805 1, 023522 5,9 273,978, 5 
360346 82,23, 3611 39,7137, 511861178,8[51,3][236|220,8 2749 97858 
37855 $3,012450]1 37 [131,7137,80187[179,7]5 1,502.37 227,8 27 5,0179,1 
38136,5 84,624,338 132,6]38,01188[180,7]5 1,8 2381228,7|6; 276,879,4 
3915729 85,5 45/139 133,08, 30189181, 5210239 229,706 5,9 2897778 79,0 


40 [38,4 | 90156, 524,814 134.6038, 6190 182, 65 2, 440 230, 766, 10290 278,7J79˙ 


41 639,4 37,525, 1411365, 038, 99 1183,62, 64 1231, 66,429 179,780, 
42 405, 38,425,142 136,539, 1192 184,52, 9% 422 32, (56, 7 92 fz 80, 80,5 

31413 9389,45, 6143 (137,439, 4419318 5,5 58,43 233,0 %, [93 (81, 1%½0,8 
44 fe, 94192-3]2 529144 138,439,794 186, 53,5% 44 34,55), 294 [2822013 10 
45 43•30124/ 910,214 3924,19 (187,4% 3745 3 85500755 


4644, 212,7 9692, 36,140 140, 340, 2 196 1188,44 5459, 246 236,4Þ67,8 296 [29445 31,0 
47 [+5211 3,0] 97 193,2[20,7]147 141, 3040, 897 [189,3 SHY 24712374 
48,46, 113,2 98 04, % 7,048 [142,2]40,81[198[190,3]5 461248 2 38,4168, 3298 286,482, 1 
4947-113, 99 224 149143, 241, 1199 191, 354,8] 249 239, 3068, 6 54 
2048,11, 8100 0, 127, 6159 [144,2 41,3200 [192,2]55,0 Ee 240, 3 68,9030 % 88.4 288.4827 
Diſt. Dep.] Lat. Diſt. Dep. Lat. IHiſt. Dep. Lat. Diſt.] Dep. [Lat. [Diff. | Dep. Lat. Dit. Dep. Lat 
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1170. Difference of Latitude and Departure for 17 Deg. | 


| 


Diſt. Lat. Dep. (Dit. | Lat, Dep. [Dit. | Lat. Dep. Diſt.] Lat. | Lat. Dep. [Diſt.] Lat. Dep. 
1 ſot, oſoo, 30 51448, 8014, 9101 96,629,151 144,4 192,2 58,802 57240, 73-3 
2001, 9 00, 6 5249, 715, 102 97,5129,0]152 193,259, 02 52 [241,017 3,0 
3002, 900, 9 5350, 71, 503 98, 530, 11530146, 3 194,159,353 241,93, 9 
+ 93,8001, 2 54[51,6]1 5,81104| 99,430, 4154147, 30 195,159, 254 242, 974, 1 
5104,8,01,5| 55|52,0016,11105[100,4130,7}[155[148 196.059,92 551243,8174,4 
5605,70 1,8 5653,16, 4106101,4 197, 0060, 202 56244, 874, 7 
7006, 70, 575.516, 710% [102,3 197,900, 5257245, 875, 
807, 602, 3J 5855, 517, ofo8 og, 3 198, 9,60, 8258 246,775, 3 
908, 602,6 5956, 41, 2 109 fo, 2 199,9101,1112591247,7]7 5,6 
10109,6102,9]] 6057, 4417, 5 10105, 2 200, 806 1, 4 60 248, 67 5, 9 
1110,53, 2 6158, 3017,81 110106,1 201, 8861, 7261249, 60,2 
03,5 6259, 318,101 1210%, 1 202, 762, oſz 62 z 50, 576, 5 
03, 8 6360, 2 113 108,1 203, 762, 3026325 1, 576,8 
O4, 1 6461, 11410, o 28 62,6264 252,477, 
04,4 6562, 2 115 110,0 205,6102,812051[253»4177,4 
04,7 66103,1 I16[110,9 2065, 5 63,1 266 2 549417 7,7 
05,0] 67 104,1 117]111,9 207, 563, 4267253, 37), 
og, 3 6865, o 1181112,8 208, 5063, 7268256, 378,2 
0 5, 6 6966, o 1191113, 8 209, 464, 0269257, 278, 5 
05, 8 7066, 9 I20[114,7 2 10,4104, 3270 [258,2178,8 
56,10 71167,9 121011577 211, 3064, 60271 59, 179,1 
06,4 72068, 8 122]116,7 212, 3064, 90/722 C0, 1079, 4 
06,7 73 69,82 1,3123117, 6 213,265, 2273 267,1 7957 
07] 74170,8 124118, 6036 214, 206 5, 5274 62, ol[80, 
97730 28ʃTT T7 90281925 213520582878 [203>9]80,3 
07,6 76172,7 126120, 5 216,1 
07,91] 77 73,6 127|121,4 217,1 
08,2 781740 1281122, 4 218,0 
08,5 7917 555 129112 3,41: 219,0 
8,80 _80176,5 13011243 21999] 
09, 1 817,5 31125, "_ 
09,4\] 82178,4 132[120,2 221,8 
09, 6 8379,40 24, 301330127, 2 222,8 
09,9!) 8480, 3 134m 28, 1 22378 
10, 2 8581,33 133 129,1 224,7 
10,5 8682, 2 136130, oſ3 225,7 
10,80 8783, 2 137131, 226,0 
11,10 88084, 1 138 132,0 227,6 
11,4 898 5,1 139 132,9 228,5 
11.7 9986, 1½6, 30149/13329 22979 
125 9787, 026, [rA U3 230,5 
12,3 9288, 142135, 8 212 31,4 
12,6 92{88,9 143 1130,7 2 32,4 
12,9] 94389, 9, 544/137. 23373 
13,2 95199,9 14511 39,7 2343 
13,4 9691, 8028, 14/139, 0 236,2 
13,7 972,828, 4147 140, 6 236,2 
0 983,7 28,6148 141,5 237,172, 4298 [28 5,0137,0 
14,30 999457 29.9 149142, 5 238, 172,299 285,908 ), 3 
14:61100[95,6]20,2þ 15911434438 925 239,1173,01300 1286,9]87,7 
Tat. Dit Hep. Car.hDift. Dep. | Lat. {Dift, | Dep. | Let. Put. Dep. Dep. Lat. Jiſt. Dep. Lat 
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185. . Difference of Latitude and Departure for 18 fn 


Dit itte Lat. jDep iſt. | Lat. Dep. Diſt. Lat. Lat. 
ph 101 g6,i131,21151[143,6146,7]201|191,2 511238,7 
23 102 erg 144,647, ofz02 192,1 239,77 
3 103 98, oſ3 1,8153145, 847,3 203 193,1 240,678 
41 104 98,9032, 1154146, 547, 6204194, 0.6 241,6 
500. 105] 9999132241155 [147,4479]2051[1959103,312551242,5 
6 3111061[100,8[32,8|/1 56 148,448, 2206195, 9 243,517 
7 100 fol, 8033, 1157 149, 348, 5207196, 9 244,4 
8 108102, 733, 4158 130, 348, 8208197, 8 245,4 
9 109103, 733,739 151, 249, 10209 198,8 246,316 
10 5110 104, 634, 160 152204924210 199,704 | 24773 : 
23H 111105, 634, 30161 f 53, 1049, 7 TT 200, 7/65, 261 [248,2 
12 112106, 03% 1621 54, 100, 12 1220 160665, 5262249, 2 
13 5 11310), 53% 63185, 080, 42 13 202, 65, 8.2632 50,1 
14 1114 108,403 3, 21641 56, 050, 72 14203, 566, 111264 [251, 1 
15 115109, 403 5,165 [156,95 1, z 15 204, 566, 44265252, of 
16 b 41116 110,313 5,8j[166 15 9513 216203, 466,7 2662 53,008 
117 20,7 111,3 36,2167 158,805 1,6% 17 206, 467, 12672 53,910 
18 118112, 236,168 189.5 51,92 1820, 367, 42682 54,918 
19 21,3119 113, 236, 8169 16, 752, 2 19208, 3007, 72690255, 8 
20 62014, 1037, 1170 161,7 52, 52 20209, 2068, 02702 56,8 
| 21 21,9]121 I115,1137;4 171 162, 6052, 8221210, 208, 3 271 297,7 
22 1221 16,0037, 772 163, 653, 102 22 z 11, 168, 6272258, 784 
23 22,6 123 117,0138,0 173 164,05 3,5223 2 12, 168, 92732 39,68 
24 2,9 124 117,038, 3 174165, 8053, 82 24 13, o[69, 20274260, 7 
251 23,2 SE 175166, 454, 122 5 14, [9,5275 261,8 
* 3 5 126119, 8038, 917616, 454,42 262 14, 969, 8276262, 555 
27 23,801 27120, 839, 177168, 354,7 227213, 970, 1027763, 48. 
128 24,101288121,7 39,0178 169, 305 5,0228 2 16, 870, 5 278264, 485 
29 24,4 129122,739, 9179170, 5 217, 870, 80279265, 308 
30 711130 123,045, 180 171,215: 218,7 22 2.66, 5180, 
31 25,0131 124,545,187 172, 155,92 279, 61 267,2 
132 30132123, 540, 8182173, 220, 67 1,7282268, 20 
33 25,6133 (126,541, 0183 174,0 221,672, 0283269, 1]: 
34 26,0 134 (27, 441, 4184175, 222, 872, 3284270, 1 
35 26,3j11351128,4/41,71[185 [17 5,9] 5223,50 2,628 5127 1,09 
136 26,6736 129,342, 0186176, 9 224, 4 2, 9/28 6272, 008 
137 26,9 137/130, 342, 318717, 8 225, 473,2287(272,9 
38 27,2138 131,242,188 178,8 226,373,288 273,98 
3 5139132, 243, 189179,7 227, 373, 9/289 274,8 
. e : e e e eee 
141 23,1111411134,1 426 191]181,6|; 229,274, 89 17,78 
142 28,4142 135,043, 9192182, 6 230, 174, 8029227776 
43 26,741431130,0144,2111931183,5 231,117 5,112931278,6 
144 91144136, 944, 5194184, 5 232,007, 294279, 
45 29,411451137,9/44;8195|185,4 512 33,017 5,711295[280,5 
4 7146138, 843, 1196186, 233,976, 9628 1,5 
47 230,149 139.9455409) 187,3 234,976,982, 
48 30, 3148140, 45, 198 [188,3 235,876,298 283,4 
49 9457130,6 149 [141,7146,0][199 189,216 236,8176,91299 2843 
| 59 47,0{1 555 00987120 Ae 142,746, 4200190, 2 237,877, 30300 [285,3 
Diſt Dep. La. l. Daß i Fo Diſt. Dep. Lat. Diſt.| Dep. Lat. Di. ſt. Dep. Lat. Diſt.] Dep. 
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192. Difference of Latitude and . for 19 W 


iſt¶ Lat. Dep. Diſt. 


Dep. if Diſt. 


2.16, 102 


55 245, 


e, 112 
20, 5113 
1. 114 


1 2142 
53 71215 
5450 216 


85447 21B 
855,0 19 
35,4 220 


171, 30269 


2 4,412.5 


98326556 


52750133 
3 2264 268-5 


78 
2742194 4 
27 5 % 
| 275,1 9521 
. 85 25¹ 
27 30 8˙% 
. 2 78 »9 96, I 
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205. Difference of Latitude and Departure for 20 5 Deg. [ 


[DiR. Dep. Dit. Lat. Dep. Pitt. Lat. Dep. Oiſt. Diſt.| Lat. [Dep. Dift.] Lat. Dep 


17,4101] 94,9 34,5 151141, 906 1,6 201 188,9068,72510235,9 85.8 
17,81102| 95,8134,9]1 52 [142,8]52,01202 [189,8]69,1]252[230, 8 86,2 
18, 1003 96,8]35,2]1531143,5]52,312031[190,5109,4[253]237,7| 86,5 
18,51104| 9757135501 54 144,752, 704191, 9, 8254238, 86,9 
18,81105|_98,7135-91 55 [1455715 3>2295 [1924017231 [255123950| 87,2 
19,2106 99, 636, 30156146, 653, 4266193, 670, 5% 56 240, 6 87 
19,5107 Too, 5036, 6157 147,553,707 [194,070,857 241, 5 87,9 
19, 8108101, 3036, 918 148, 554, [208 195, 5 1, 18242, 4 88,2 
20,2109 102, 437, 3159149, 454,4 209 196,417 1,5 259243, 4] 88,6 
20,511 191193,4/37,6]100 (L82484. 21097328 Ag 88,9 
11111, 3 03,8 61 57,3 z0, 91 11104, 338, 0161151, 3058, 10211 198,3 245,30 89,3 

11, 3004, 1 6268, 302 1, 21 12 105, 238, 3162 152, 2055, 4 12199, 2 246,2 89,6 
12, 204, 44 6359, 202 1,51 13106, 238, 6163 153, 28 5, 7 13 200,2 247, 1 89,9 
1413, 204, 8 6460, 102 1,9 n 39,0 164(154, 1056, 10 142011 248, 90,3 


| 


EET 


© 


—— 
2 Þ» 


1514.10, 1 551,1 22,211151108,1139,3]165 |155,1150,4]2151202,0173, 249,0] 90,6| 

| 161 5,0j05,5|| 00]62,0122,6|116[109,0[39,71[166 1 56,0156, 800 16203, 250, 00 91,0 
17/76, oſog, 8 6763, oſz 2, 91 17 fog, 9 40, [167 |1 56, 9057, 102 17203, 9 250, 9 91, z 
1816, 906, 2 6863, 923.3118 118.90 168 137,957, 5% 18 [20449 251,3| 91,7 
19 GS 69164,8[23,61119]111,8[40,7][169|158,8|57,8][219]205,8 252,8 92,0} 
20118,8106,8]_70165,8123,9]120[112,8]41,01170 [159,7]58,11220[200,7 25357]_9223 
' 21119,707,2]] 71166,7]24, 30121 |113,5]41,4417 1 |160,7158, 5221 [207,7 254,7| 92,7 
2220, 70%, 5 7267, 724, 61221 14,641, 7172161, 6088, 80222 [208,06 255,6 93,0 
21,60%, 9 7368, 602 3, [1231 15, 6042, 1173162, 6059, 22 23209, 676 256, 5 93,4 


25775 9357 
28854 9441 
259,4| 944 
260, 3 94,7 
261,2 95,1 
262,2 95,4 
263,1 95,5] 
264,1 906,1 
265,0 96,4 
265,9 96,8 
266,9 97,1 
2075809728 
268,8] 97,8 
269,7 98,2 
270, 60 99,5 


A £95 74109512 543124 [116,5142,41174 |163,5159,5]Þ-24|210,5 
08,6] 75170,5125,701251117,5142,811751164,4159,9]225211,4 

24, 408, 9 -76[7 1,4 26,0 126118, 443, 117616, 460, 22262 12,4 
26,3] 1271 19, 3043, 417/166, 3060, 5227 z 13, 3 

2826, 309,6 78073, 3 26,7128 120, 343, 8178 167, 3060, 9/2 28 [z 14,3 
09, 9 797/4227, [129 121, 244, 1179 168, 261, 222915, 2 
3028, 210,30 80% 5. 207, 4130 12 2, 244. 5/180 169, 106 1,6302 16,1 
3129, 110, 60 8176, 127,7 131123, 144,808 1170, 106 1,923 12 17,1 
i 3230, 110, 9 82/7, 128.0132124, 004 5,1 62,22 322 18, o 
3360 11,3 8378, o 28,4] 1331123, 042, 0183 172, 062,6 233219, o 

3431,91, é 848,928,734 125,948,818 40172, 962, 934 z 19,9 
35032901250 85179,9129,11135{120,9146,21185[173,8163,31235[220,8150,4 
3633, 8012, 3 8680, 829,4 136127, 8 46,5186 174,863,612 36 |221,8 
7 344511237 $7181,8]29,8111371128,7 46,9. 187117 5,7]04,0]2 37 [222,7 
835,1, 88082, 730, 1138129, 747, 2188176, 764, 3238 2 23, 60 
9 36,6013, 9915 3,0130,411391130,6147,51139 [17 7,6164,61239[224,0 27 1,6] 98,8 
0 137,011 3,7 90194,6130,84140[131,6147,9]190[178,5|05,01240[225,5182,1}290 [272,5| 992 


41 38,511 4,0] 91083, 503 1,1141132, 048, 219117), 5 253 241 226,5 52,4291 27375 99,5 

2 139,511 4,4 92 86,531,142 133,448, 6, 192180, 4065, 7242227, 48 2, 80292274, 4 99:9 
43 40,414,793 87,403 7, 80143 134, 448, 9193181, 466, 0243 228,3 83,1293 8 
444,015, 9488, 3032, 140 13,3049, 2194182, 3006, 3244 29, 383, 4294276, 3100, 
4.5 1422211 5:44 95 $9,3132,51145(130,3 49,041195 183,266,245 2 39,213 3,01295127 72 100,9 
| 40 [43,2 i 960190,2132,8111 401 37,2 49,0 196184, 267, 0246231, 2084, 1 2960278, 2101, 
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97 191,213 3,2\14711 38,1150,31197 [18 5,1167,41[247 [232,1]84,5] 297 [27921 11101, 
98092,1 337,5 148139, 1050, 6198186, 167,248 233,0 84,8298 280, 00, 
| 49149,0110,%} 99193,013 3,911 49 140, 0 f, 0199 187, 0068, 10249 234,08 3, 229928 1, 102,3 

57 2% e418 41,3% 1187,9]68,4]250 [234,9]85, 51300 [281,9192:0 
DutlDep: Lat. Diſt Dep. Lat. Dit | Dep. Lat I Dilt | Dep. | Lat. Diit, Dep. Lar.|Dift.| Dep. | Lat, | 


1 Difference of Lat. and Dep. for 70 Deg. _| 


215. Difference of Latitude and Departure for 21 | Deg. | 
Dift.| Lat. Dep. p. Diſt. Lat Lat. Dep. [Diſt Lat. jDep.hDift, . |[Dep.q|Dift. Lat. Dep. Dift Tat. Dep. Dep. 
10, 9 00, 517,618,301 97 ˙8181 r 5 201187, %, % 51 34,3 90,0 
21,90, 7 5248, 518, % 02 95,3136,6]1 52 [141,9154,5202 188, 6,2, 452235, 3 90.3 
352, 801, 1 83 (49,519, 0; 96,2136,911 53 142, 954, 80203 189,572, 85302 36, 90,7] 
43,71, 545, 49, 4% 04 97,037,30/154/143, 8055, 2204190, 473, 02 54237,1 91,0 
54,7% 1,80 55151,3119,7[105| 98,037,011 55[14435155»61205|191,417358255[238,1] 91,4 
605, 62, 86052, 3020, 10106 99, 038, 0156145, 755, 9206 192,317 3,812 560239, 91,8 
76,5 53,220, 407 99,9038, 30157146, 656, 3207 193,274, 2 57123939 9251 
8107, 5 54,1020, 8108100, 9038, 58147, 8056, 6208 194,274, 5%½ 58240, 9 92,5 
9008, 4 55,1021, 1009 101,8039, 105948, 55), oſa0o9 195, 1/4, 9% 59 ½f41, 80 92,8 
1009, 3 56,0 21,5% 100102, 739, 4% 5149,47 1911 90,017 5,31}25912 42,7 93-2) 
1110, 3 56,912 1,9 11103, 739, 816110, 307,7 11197, 0/5, 6% 61243, 7 93,5 
1211.2 57,922, 2112104, 640, 1162151, 3058, 12 1219,97 6, oz 62244, 6 93,9 
1311251 38, 8022,61 13 T0 5, 540, 5163132, 28, 42 13198, 8076, 30263245, 94,53 
1413, 1 59,722, 914/106, 540, 91641 53, 1058, 82 14/199, 876, 764406, 5 94,6 
1514, 0 60,712 3,31 151107,4]/41,2165|1541159,12151200,7]7 751 2651247,4| 94,0 
16114,9 61,612 3,7 116/108, 3041, 6166155, 059, 5% 1601, 677, 4% 66248, 3 95,31 
171379 62, 524,01) 109, 341, 9167155, 959,92 17202, 677, 8 6749, 3 93, 7 
11316,8 63,524, 41181 10, 242, 3168 155596055 2180203, 578, 10268 2 50, 20 96, 1 
19117, 64,4024, 119/111, 1042, 6169157, 8060, 62 19204, 478, 526928151 96,41 
20 18,7 J 65,3 2,1120112, 1043, o 170 I 58,7 —9 220 220/203,078.8 270252, 96,8 
21 9,607, 716, 323, 4121113, 0043, 4171 159,77, 221 1206, 39,2 271253, 97,1 
22120,5107,9] 7267, 223, 8122113, 943, 72160, 606 1,6222207, 279, 672253, 9 97,5 
2321, 508, 2] 7368, 1026, 2 123114, 9 44,10173 161,5 62,0 2231208,2179,91/273 125449 97,8 
2422, 408, 6 7469, 126, 5241 15, 844, 4474 |: 52,5]02,41224 209, 180, 374 55,8 98,2 
523,309, 75005 5,9125 15,2487 [163,462,7]225|210,0]80,6]275[250,7] 05,6] 
254 809, 75½7%%½ 7-210 1757145920270 110443 63,1026 T1, 008 , %½ 76257, 7 98,9 
27125,2[Þ9,7)0 77 [7 19274612711 18,6145,50177 [2055310 3.40227 [21 1,910 1,41277 258, 6 99,3 
28126, 11, [ 7872, 8028, 0128 19, 545, 9 78166, 263, 8428 z 12, 808 1,7278 [2 39,5 99,6 
2927, 110, 4] 7973, 728, 301291 20, 546, 179167, 1064, 2229 13,8 82, 179260, 5|100,0f} 
30]28,0j10,8 80 74,728, 130121, 446,6 180168, 64,5 2302 14,782, 4 280 261,4 100,44 
3128,91, 1 8775,29, 013 10122, 347, of 8 1169, 064, 9/23 1 15, 682, 828 1262, 3100, 
3229,01 1, 5 8276,29, 41321 23, 347, 30182169, 9,65, 2232 z 16, 6083, 102820263, 30101, 
3330, 811,8 8377, 529, 7133 (124, 247, 183 170, 9005, 6 33 02 17, 583,5 283264, 2 10 7, 4 
3431,12, 2 84 78,430, 11341 23, 148, o 184 17158 65,912 34 218,5 83,9 284265, 101,8 
3532,12, 58579, 3030, 5[135[126,1148,4|185|172,7166,31235|21954154,2|2851206,11102,1] 
| 39133,0 86180, 3130,8|}1 36 |127,0148,7][286]17 3,7 66,7 2361220,3184,61286}267,0[102, 5 
37 13425 37,2137 [127,9149,11[187[174,6]67,0]237 [221,215 267,91102,9] 
3951355 31,5111 38[128,9149,5198[17 5,510 7,4238 [22,2 268,91103,2 
39136,4 31,9 3929,89, 8189176, 57,7239 223,108 269, 810g, 6 
2 82˙3 32,3140 130, 7, [1907240851040 12241186 2202710379 
+1 38,3 32,6 141 131,7 5055 191 178,3 8.5 241 2250 271,7 10473 
42139, 2 33,0142 132, 650, 90192179, 3 68, 824222 5,9 272, 6104, 7 
43 [40,1 33,3143 133, 505 1, 30193 180, 209, 2243226, 908 273,510 5,0} 
44 41,7) 33;711144|1 34,515 1, 6194/18 1,9, 5112.44 227,8 8 274,510, 4 
2542,01 6,1 34011145 |1 35341520195 192,1 69,9245 228.7 [27 534119557] 
| 40 [42,9 394 146 136, 352, 3196183, 0%, 246 229,7 88,2 296 276,3 106,1 
47 [4399 3481147 137,352,71297 [183,970,60247 [230,0188,5]297|277,31106,4 
4844, 8 535, 1148138, 253, 0198 84.9% 7, 0248 231, 3089, 9298278, 2106, 8 
4948, 7,6 9992, 435,149 139, 153,499 185.8, 44249232, 508 9, 29979, 10%, 2 
5046, 17, % 003, 4033, 8 50 140, 153,800 f186,7½ 1,82 30 [233,4]89,01300[280,11107,5] 
[Din Dep.] Lat. t. Diſt. Dep.] Lat. Diſt. Dep. Lat. Diſt.] Dep. | Lat. Diſt. Dep. Lat. [Diſt. | Dep. | Lat. 
Difference of Lat. and — for 69 Deg: 
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22%, Difference of Latitude and Departure for 22 Beg. 


Diſt. Lat, Dep. Dift.j Lat. Dep. Diſt, Lat. [Dep. Diſt.] Lat. Dep. Dit. Lat. Dep. Diſt.] Lat. Dep. 
9 19, 10101 93,637, 80151140, 06, 55 201 186,417 5,302.51 232,7 94; 
4 19,5102 94,6038, 2152 40, 956,9 202187, 3 75/7252 233,7] 94,4 
3 19,9103 93, 5038, 613141, 9 57,3 203188, 276, [z 53 234,6 94,8 
4 20, 2104 96,439, of 54142, 887, 7 z04 189,1 1076, 44254235, 5 95,2 
Tot ! 20,610 97,4139,3 1551143,7]55,11205[190,1 76,8] 12551230,4] 95,5 
6 21,0106 98,339,716 144,658, 406191, 07, 2 56 237,4] 95,9 
1 21, 4/0 99,240, 1157 (145,658, 8207191, 977,557 [238,3] 96,3 
8 21,708 |100, 1140, 5158 146, 559, 2I208 19249 77,9258 239, 2 96,6 
9 22, 100901, 140, 81 59147, 49, 62 09193, 8078, 312 59 240, 1 97,0 
10 228/110 102,001, 259148, 48991 [194 I28. 241,10 97,4 
11 22,9 Ill 102,9141,6 1611149, 3060, 3 z 11195, 679, o mh 242,0] 97,8 
12 23, 2112103, 842, o 621 50, 260, z 12196, 679, 42 62 [242,9] 98,1 
13 8,402 3, 61 13104, 842,3 103 151,1161,112131197,517 7917263 243,9 98, 
14 24, 0 14105, 742, 64152, 1061, 4 14198, 480, 2264244, 8 98, 
1 5 2430115 106,43, 1016 513,006 1,8 151997308055 26512457] 99,3 
16 247 1160107, 107,603, 1661 53, 962, 22 16200, 3080, 9/266 246, 6 99,6 
17 25,7117 108, 5043, 8167 18959 62,62 17201, 28 1, 34267247, 6 loo, 
18 25,5118 109, 444, 21681 55,8 62, 92 18 202, 108 1,7268248, 5100, 4 
19 64.0958 119110, 344,6169 150,7 63, 3 19203, 1082, z 69 249, 4100,85 
20 26212011 1,304,020 57,663, 720202, 44 705, 30101, 
21 26,61[121|112,2[45, 317 1 1 58, 6.4, III 2 1204, 982, 8 E71 [25 L, 3ſiot,; 
22 27, 00122113, 145,721 59, 564, 4% 22205, 8 83,2 272252, 2101, 9 
j 23 27, 3123114, 046, 1173160, 464, 82 23206, 783, 511273 [2 53,1]102,3 
24 68,627, 124115, o[46, 5174161, 3065, 22 2420, 783, 92742 54, 10102, 6 
TAS 28, 1125115, 9046, 8175162, 306 5, 62 25 208, 6084, 3]27 5[255,01103,0 
26 28,5126 han 47, 2176163, 206 5, 92 26209, 584, 7276255, 9103, 4 
27 71, 4428, 812717, 8047, 6177164, 1066, 32 27 z 10, 58 5, oz 77 [2 56,9[103,8 
28 29,2128 1% 47,91178[165,0166,7][228|[2 11, 408 5, 4½ 78 [257,9]104,1 
29 73,229, 6129119, 648, 3179 166, 006%, 2292 12, 308 5, 82792 58,71104, 
| 30 74,2130,0]130[120,5]48,7][180[166,9]67,41|230[213,3]86,21280 [2 59,01104,9 
31 30, 30131121, 549, 118 1167, 8067, 8 3 1 14, 286,5 2810260, 5105, 3 
| 32 76, 0030, 7132122, 449, 4182 168, 8068, 2232 z 15, 186, 9 82261, 505, 
133 77, 003 T, 101331 23, 349, 8183169, 768, 6233 216,008 7, 30283262, 4100, 0 
34 77,9031, 5134124, 250, 21840170, 6% 8, 9 342 17, 0087, 784263, 306, 
35 8,803 1,8133125, 280, 618 5171, 5069, 302352 17, 9088, oſa 8 5264, 3 106,8 
36 79,732, 136126, 130, 918672, 5069, 7236 z 18, 8888, 44286 [26 5,21107,! 
37 80, 732, 613727, 08 1, 3187173, 470, 12372 19, 7088, 8287266, 110), 5 
| 38 81,603 3,0138 128, 008 1,7188174, 370, 42 38 [2 20, 789, 20288 [207,0]107,9 
39 82, 503 3,3139 128,952, 118917 5, 270, 8239221, 6089, 52 89 268, 0108, 30 
140 83,433. 140129, 8062, 4190176, 2 1, 2 400222, 589, 9 0.268, 9108, 
141 84,434, 1141130, 782, 8191 177,1171,5 2411223, 5190, 3291269, 80109, 0 
42 85,3034, 142 [13 1,753, 2192178, 0/7 1, 92 42 2 24, 4400, 72 92 [270,711 9944 
j 43 $6,2134,81143|[132,6]5 3,6; 193 178,972, 3024302 23,391,293 271,7 109,6 
{ 44 $7,2135»21[144 [13335 539 194179, 8/72, 72442 26, 2 1, 49472, 6 10,1 
45 88, 1035,614 5134.443195 [180,87 3,o][245]227,2191,81295 [273250958 
| 46 0130,01146 [13 5,4[54,7][196 [181,7]7 3,41[246[228,1]92,2}}296 |27 4,5 110,9| 
47 9,9130, 310147 136,305,197 [182,717 3.81247 229,0, 297 [27 544]! 1145 
4.8 90, 36,748 |137,2[55,4[198[183,6[74,21248[229,9]92,9]298 [276,3]'1 14 
49 813711149 [1 38,2 55-8} 19911 84,5174, 511249 [239,919 3>31[299 [27 752" 1247 
50 924713 7»5 152113951 1150,21200 [18 6, 474, % 50 [2 31, 83.300 278.2174 
Diſt. ep Lat. DBiſt.] Dep. | Lat. Tar lr Dep. Lat. Di] Dep. | Lac. Diſt. Dep. I 
Difference of Lat. and Dep. for 68 Deg. 


— - 


[23*. Difference of Latitude and Departure for 23 Deg. | 
Diſt, Lat. Dep. Diſt.] Lat. Dep. Diſt.) Lat. | DepſDift., Lat. Dep. Diſt.] Lat. Dep. [IT Lat. | Dep. 


00, 900, 40 51 51 46,919,981 93,039,557 139,059, 00201 188, 08, 525123 1,0 98,1 
01, 900,8 524, 90, 310 93,939,952 139,959,420 2185,98, 9% 52 232, o 98, 5 
02,8 91,2 53 48,8 20,7103 94,8 40,2153 140, 8 59,9 203 186,9 1943153123239 98,8 
03, 701, 6 5449, 7 z 1, 1104 95,740, 614141, 8860 ,2| 204 187,879, 7254233, 8 99,2 
04,02, 55 50560215 105 96, 741, [135 142,7 60,6 205188, 7J80, 1253234. 7 99,6 
05,5102,3] 565 1, 5 1, 9106 97, 641, 41 50143, 660, 9 206 1 89,6180, 51/2 56123 5, 0100, 
06, 402, 5752, 5% 2, 3107 98,5]41,8]1 57 [144,5]61,3]207 190, 580, 92 57 f 36, 6100, 4 
07, 403, 1 5853, 42 2, [108 99, 442, 2138 145,46 1, 208191, 508 1, 3258 237, 5 fro, 8 
08,3 035 5954, 3023, 11/109 [100,3[42,6]1 59 146, 462, 1209192, 48 1,7259238, 410 1, 2 
09,2 93:9 _6015542[23,4||110[101,3]43,0]160 [1473]62,5]210[193,3]32,0 

10, 104, 30 6156, 1023, 8117102, 243, 4161148, 262,9 2111942 
11,0104,7 6257, 124, 2112103, 143,81 62 149.1 63,21212[195,1 
12,0[05,1| 63[58,0]24,6]113]104,0[44,1]163|1 50, 63,7% 13196, 
12, 900 5, 30 6438, 902 5, off 14104, 9044, 5164151, 064, z 14197, o 
135800,9 5592802 4% 1198294955 (1819648019729 
97 oe, 3 6660, 8 5, 8116106 106,804 5, 3155152, 864,9 2161198,8 
15,606, 5 6761, 726,217 (10), 45,6753, 75, 2½ 17199, 7 
16,60%, of 68 62, 626, 618108, 646, 10168 1 5446 65,612 18 |200,7 
17,5127»4 69 63,527, [19 109, 546, 5 169 155,666, 02 19 201, 608 5,6 
18,40%, 8 70 (64,47, 31201 10,5 46,970 13655 66,4 220202, 586, o 


19,309, 20 71 65,4127,7[121|111,4447,39171 15754066, 8 8021203, 486,3 
20, 308, 6 7266, 3028, 101220112, 3047, 72158, 3067, 22204, 486,7 
21, 209,0 7367, 228, 5123113, 248, 1173159, 207, 6% 23205, 3 87,1273 251,3 
22, ſo9, 4 7468, 18,9% 24 1 14, 148, 4% 741 60, 28,0% 24, 2087,%½74½ 52,2 
23,0 09,8 15 69,0 2973 125 115,1048,8 175 161,1 68, 22529771 87,9 275025351 1104 
23,910, 2 767, 029, 71261 16, 0049, 2 176 162, 068, 8226208, [8 8, 302 76254, 110%, 8 
24,9110, 5 7770, 930, 101271 16,9 49,60 177162, 9069, 2227 209, [88,77 285,108, 2 
25,8 10,9 78 7158 3055 128 117,8 5950 178 163,8 69,5 228 209,9 89,1 278 235,9 108,6 
26,7 11,3 7972, 30, 9% 291 18,750, 4 79 164,859, 9/29 fa 10, 8089,79 f 56, 8109, o 
30 2756011, 7. 802355 3013011927801 80[165,7170,31230 [21 157159,91280[25727/109,4 
3128, 501251 814,00 1, 3 1120, 61, 181 166,670, [23102 12, 690, 3 [281 2 58,71109,8 
32129,5]12,5 8275, 532, 0132121, 5 51,6182 167.5 „ 10232 213,690, 62 822 39,6110, 2 
3330, 412, 9 8376, 432, 4133122, 42, 183168, 5% 2,5% 233 2 14, 591, z 83260, 51 10, 6 
34031, 3013, 3 847,332, 80134123, 352, 4184169, 4%, 9341,41, 8461, 4 1,0 
333272013. 8878.232132 185[170,3/72,31235|210,3191,81|2851262,3/111,3 
36133»1]14,1 8679,23, t136[125,2]53,11186|171,2/72,7236[217,2192,2]|2861263,31111,7 [ 
37 34,1014, 87 [$0,1134:9|137 [126,1153,51187[172,173,1|237 ½18, 22,6087 264, 212,1 f 
38 135,01 4,81] 88 31,0034, 4138012, [53,9188 173, 173, 52382 19, 1093, 028826, 112, 5 | 
39135:9|1 5,2] 89[81,9]34-8]7 39[127,9154-3]189[17450/73,8]2 39 [229,9,93,41289 (266,0,172,9 | 
40036, 801 5,6 99 [$2,8 35520149 128.9 547190 17497421249 [229399 3» d[290 266,91113,3 2 
4137,16, 0 91[$3,535,0]141|129,5[551 
4238,16, 4 9284.7 35,9 142130, 755,5 


EGAN 9 


O © gw X& 


— 


ww .Do00o0MD010D00 0 00M = MH a oo | og. By my. bo 
\S Cow O};Uon +Þ ww 0m 5 
| 


'100,3 
100,7 


19117 5,017 4,012.41 221,8 04,2 291|207,91113,7 = 
192176, % 5, 0% 42 z 22, 894.5292268, 80114, 1 i 
43[39,6116,8] 938 5,6136,31143[131,6155>9]193 [1775717 5.40243 [22357194+9]293 [269,7]1 14,5 j 
44149, 51, 2 9486, 536, 7144132, 6 56,3194 178,6, 8244 24,695,394 270, 61 14,9 ? 
454,407), 95187,41371]145[133»5]50»76195 [1795170421245 [22515 9537[295 [27 155[31553 | 
46042, 318,0 96 88,437,546 134.45 7,0196180, 476, 6 246226, 496, 10296272, 51 15,6 
| 4714333 18,4 97199,3137>9], 147113593 5740197 181,377, o[z47 229,405 297273, 41 16, 0 
480442018, 80 98095, 238,3 148136, 2), 0198 182, 307, 4% 48 228, 395,9 98274. 30 16, 
4945,19, 9901, 38.7149 137,238, 2199183, 277, 7249229, 2 977365992755 116,8 
50 146,c|19, 51100 [9230/3991] 150} 38,158,200 184,178, 10802 30,1 977 300[276,21117,2| 
Bi. Dep. Lat. Biſt. Dep. T. Lat. J Dit. | Dep. T at. Diſt. Dep. | Lat. Dif. Dep. Lat. [Diſt. | Dep. | Lat, 


Difterence of Lat. and Dep. for 67 Deg. 


[24*. Difference of Latitude and Departure for 24 Deg. 
Dif. Lat. Dep. Ditt.| Lat. Dep. Diſt, Lat. Dep. Ditt. Lat. Dep. Dift.| Lat. | Dep. Dift.; Lat. Dep. 
15, %o, 4 5140,00, 101 92,341, 1151 15/59] 193,0 A . 
201, Soo, 8 5247, [2 1, 102 93,241, 812 365 184,5 82,2 25212 3921102, 5 
* 52 01% 53 48,421,103 9 4114159 153 L 39,0 18 5,4 82,6 255 231, 1 29 
9 3 4 4 Ip" 5 All , e 7 Ic 140 6 186 4. 83,0 254 2 32,0 103 2 
403, 71, % 54/9, 3 2, % 3, O2, 3154149, 7% A 85 d notes. 
542,0 5559,20 22,4013 95,0/42,7/135 4700 37 187,3 25141595 322857 
655,2, 555,2 2,80/00/ 96,843,156 [14235 28 11 i 
7, 402, 8 57 52,1023, 107] 97,713,157 [54334 189,1 3282 33 fc, 
8 07, 303, 8153,02 3,0108 98 743; 9 138 14453 190,0 4,0 269 ©3557 $0459 
012 [3512 3»3}}, 59 [330005 7 801 128.6 " 
9 20,7 23,7 5953,92 4,0199 99,6 44731159 145,20 190,9 285 es, 3 
ro ſoq, 1104, 10 6054, 8 24,4 110 frog, 544,100 [149,2] 191,8 LIFE 9 25/195} 
POS: M7 Av PELLETS — : Pr as - 4 7 2 rer 
Ice BA,r 55,7 Z, TTA rer [1474 e ee 
12 [r 1, og, 9 62306, 602 5, 201 12 [02,3147 „60162148, oo 193,7 86,202 2 39,3006, 
2 3,3 6357,60, 113 [193,2 5500163 I 45,910 194,6] 86,612031249,3/105,- 
11311, 5,50} 83157: 2 916837 4 * 9 - 8 1264 |2 1,201 
1412, 8003, 7 6458, 5 20,0 114104, 46,4 164149, 8 ; 195, 87.042 7 41,210%4 
| r151123,7 56, 65 59,4 26, HILLS 2 54! 45,8 65 150,7 2 294.87 208 en 
16114 550,5 6060, 2 26, 8116106, 0047, 2166151, 6 197,30 87, 8266243, 0108, 2 
os 2%. PAL os | -» 6IG 198,2] 88, 3267243, 9 108, 
1713, 06,9 67 21,212 7,21117 100,9147,0j167 [152,0]07,9]217 [199,2 3 67 39 108, 
18 16,40%, 3 9052,27, %% 18 ff, 8848, [168 153, 5 68,3 2181199, 1 58,7% 812478 0e 
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48, oſz 2, 
48, 92 2, 8104 
49:82 3,2105 9: 


22,0102 
103 


50, 802 3,7106 


51,724, 1107 


52, 6% 4, 5 ros 
53:5 2449] 109 


542412 554 


[110 


t. Dep. Piſt. 
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106,7] [28512539 


12383 


35 236 
84, 9 237 
167%, 508 5, 44238 
85,8239 
882349 


81,1 


3182, 9 
33,8 


84,6 


$5.5 


86,4 


87,3 
22,2 99 88,2 
2 — — 


2182, o 


41,3141 
* 581142 

2,2143 
42,7144 
— 


86,7241 
87,2 242 


87,6 243 


. 195 
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60, oſz f, 901 18 
160, 


61,8 


116 


32,4119 
3291720 


98,0 
98,9 
99,8 
100,7 
101,5 


52,1 161 
52,6162 
5351 165 
53,8164 
540165 


102, 4 
103, 3 
104, 2 


10 5, 
to6, 


555186 
54-9167 
55,4168 
55,9169 
56,3]170 


6 3,0 


3343121 
33,8122 
3431123 
3470124 


106,8 


107,7 
108,6 


109,5 
110,4 


69,8 


71,5 


7373 
7 442 
151 


6 7579 


76,8 
7727 
78,6 
7255 
80,4 


81,2 


82,1 
83,0 
83,9 


96845804 5,1 


85,7 
86,5 


00,3, 


Dep. 


72,4 


87, 446 
23,5 "OO 88 


352] I25 


35,7126 
36,21[127 


36,6128 
37,1 129 


202887200135 


38,0 131 
38,5132 
39,0133 
3940134 
29290135 
40, 4136 
40, 8073 

41,3138 

41,8139 
4253]: 40 
42537 141 
43,2142 
13,7143 


44,1044 


44260145 
45,1146 


4535 47 
46,0 


149 
1500132, 5 
Lat. Dill. Dep. 


3 


470} | 


111,3 
112,1 
113,0 
113,9 
1148 


11557 
116,6 


28. Difference of Latitude and Departure for 28] Dep. | 


Lat. 


133.3 
134.2 


201 


72 
71,4] 202 
I 35,1 71,8] 59 
136, c 778 204 
136,9172,81[205 


Dep. Diſt. L 


137,773, 20 
138, d 73.7 07 
139,5 74,2 208 
140,417 4,61]209 
1419317511210 


Lat. 


Lat. | Dep. 


177,5 
173,4 
179, 2 
180, 1 
187, 


Dep. bin. 


94,4251 
94,852 
95,3253 
9 5,6 254 
96,2 255 


181,9 
182,8 
183,7 
184,5 
185,4 


96,7 256 
9772 188 
97.7258 

98, 10239 
98,6 260 


221, 9 
222,5 
223,4 
224,3 
229,2 
226, 

226,9 
227,8 
228,7 
229, 6 


120, 2 
120, 
121,1 
121, '6 


142, 275,6 11 
143,076, 102 12 
143,976, 5% T3 
144,877, 0 14 
14537 TT»51}-15 
146,617 7,91216 
147,517 8,4[217 
148,3178,9]218 


149,279,302 19 
150, 1 79,8 220 


56,8171 
57731172 
522 173 
58 22 174 
88.7125 


151, 80, 3 221 
151,980, 8222 
152, 808 1, 20223 
153,608 1,7224 
154, 82,2 225 


2111186,3 
187,2 
188,1 
189,0 
189,8 
190,7 
191,6 
192,5 
193,4 


194˙3 


195,1 
196,0 
196,9 
[97,8 
198,7 


99,1261 
99,5262 
oo, oſſ263 
100, 5264 


100, 9265 


101, 4266 
101,967 
102, 4268 
102, 8269 


103,3270 


230,5 
231,3 
232,2 
233,1 
234.0 


124 


123,9 


234,9 
235,8 
236, 6 
237,5 
238,4 


124, 

125,4 
125,8 
126, z 
126,8 


103, 8271 
104,2272 
104471273 
IO$,21274 
105, 6275 


23973 
240, 2 
241,1 
241,9 
242,8 


59,2 176 


59,6] 1177 
50,1178 


60, 66179 
61,0] 180 


Ss 
12 1182 


155,482, 6226 
156, 3083, 1227 
157,2 83,6%28 
158, 1084, c 229 
158,9 84,5030 
1 59,8]84,9]231 
x 60,7 85, 232 
161,6185,9] 233 
162,5 86,4 234 
163, 486, 9 235 


164,2 87,3 236 
165,1 87,8 237 
166,0 88,3 238 


166,88, 7 239 
167,8 


173,1 
7 [1740 
$]174,8 


1171,3 


Diſt. . Dep. 


89,2 21240 
168,7 89,7 241 
169, 500, 10242 
1 70, 4 90, 6 | 243 
91,112.44 
91,6}: 1245 
92,0] 246 
92,5247 
93,0248 
93541249 


172, 


1787 
176, 6 


Lat. {Dift. 


1207»5 
| 208, 4 


199,6 


200,4 
201, 3 
202,2 
203,1 


20449 


205,7 
206, 6 


106, 1276 
106,6 277 
107,0 276 


107,52 79 
108, oſſ2 80 


243,7 
244,6 
245,5 
246,4 
24722 


127.2 
127,7 
128,2 
128,6 


129,1 


129,6 
130,1 
130,5 
131,0 
131,5 


204,01108, [( 281 


108, 92 82 
283 


109, 90284 
110, 30. 


248, I 
249, 

249,9 
250,8 


251,7 


209,3 
210,2 


211,0 
211,9 
212. 8 


21357 
214, 6 


110,811 
111,3 
1117 
112,2 


252,5 
25374 
25473 


25532 
250,1 


| 258,7 
29412596 
260, 5|130,5 


257,0 
25778 


134,3 


130,2 


131,9 
132, 
132,9 
13333 
133, 


1347 
136,2 
135,7 


17267609 3:9 125 


| 29% Difference ; of Latitude and ET. or 29 


eg. 


Lat JP Dit. | Lat. Dep. Diſt.] Lat. Dep. ¶ Diſt. . Lat. | Dep. | Dep. ift. Lat. | Dep. | 
10, r 8,349,051 132, 13,2 797 5r 19,5121, 
201, wh 52 89,2049, 41 52132, 176,7 97,92 52220, 4122, 2 
30e, or, | 53 90, 149.9153133, 172, 98,4253 7, 30122, 
4403, 501,9 54 91, 0050, 41541347 178,4 98,92 54 22, 2 123,1 
5 PA, 55 | 91,8[50,9]15511350 17943] -99:4[255 2230/12 3,6 
658252, 56 92,7/51,4]1 56[136,4 180% 99,9% 56223, 124. 
76, 103, 5 93.605 1,9 157 139,3 181, 0000, 257 r 124,6 
8197 * 38 | 94245152341 158138, 2 1875 100,8 258122 5,0 125,1 
9197 59  95,3152,0]1 5911 3941 182,8 101, 059 220,5 125,6 
10 ſo8 2 6005 96, 2 53,3160 139,977 183,7]101,81260[227,4/126,0] 
T1109,6105,3 61 1 97, 1153,81161[140,8 78, 10211184, 5102, 34261 228,3|126, 5| 
1210,03, 8 62 be 162141, 78, 5 12186, 4102, 8262229, 112,0 
131 1, 406, 30 63 98,8154,811 031142, 186, 3103, 30263 230,01 27, 5 
14012, , 8 6456 39,755,364143, 187,21103,7]|264|230,9]128,0 
15 13,10%, 3 65 100, 6 55,8165 I 44,3 1188,0[104,2| 265 231,3|128,5 
16[14,0{07,8}| 66 101, 5 56,2] 166|145,2 161188, 104,711266 23236/129,0 4 
17 2 2 67 102,3 56,167 140, 10 7 189,8 105, 267 33,5 12954 
181 5,708, 68 103,2 57,24 168146, 18190, 710 , 268 234,4 129,9 
1916, 609, 20 696 104, 157, 7169147, 8 191, 5/06, 2269 235,31 30,4 
20122892229 195,0158,20170 1487 1954 198270758 230,11130,9] 
2118,40, 71 [795 de. 149;6]82,9]221|193,3 107% 23701374 
22019, 2 10, 7 72 106, 759, 1172150, 463, 194, 10), (72 237,91 31,9 
2320, 111, 2 73 107, 6 * an 15 1, 308 195,0 108, 1273 238,8 132,4 
241,011,674 124106, fo, 1 740152, 2 195,9 108,674 396 132,8 
| 25 2529 2. 70 | 1209-3200Þ175 1832¹1 51196,8]109,1Þ}27 5 2405 3323 f 
' 26122,7|12,6|| 76 I10,2{61,1]17611'5359 197,7 1095676 4413.5 
2723,63, 1 77 117,10 6754,86 , 8227 196,5 18,6%) |242,3 13453 
28024, 813,6 7806 111,962, 17801 55,7180,31228119944/1 10, %% 24351134, 8 
2926,44, 1 79 112,862, 5117911 50,666, 8% 29200, 3 11,0% 944,135, 3 
30 26, 214, 5 80 113,7 63,00 18017, 487, 3 30201, 2 ss 24459113 5,7 
3102, 11 5, 81 114,663, 518 101 58, 387, 7231 202, 112,81 245,80136, 2 
3228, 001 5, 5 82 115,464, 082 1 59, 288, 2 32 [202,911 12, 5282 2456 136,7 i 
33128,9116,0lſ 83 116, 3064, 583160, 188, 7233203, 8 113663 2475813772 f 
3429,76, 84 117, 65, 084160, 989, 234204, 7/1 13,4284 248, 4 137,7 | 
| 35139»0/17,0f 85 r18,1165,4||28 5]161,8]89,7]}2 3529535}! 127065 249,3 138,2 
3603 1, 517, 5 86 118,96 5,9 186162, 90,236 06,4 14, 286 250, 11385) 
3732, 417,9 87 119,806,418 163.60, 7% 3%, 14, %8 52,139, 
38033, 218,4 88 120, 766, 91 88164, 491 208, 2115, 428 251,9 139,6 
3934.1 18,9] 2 121,6 67, 189 Buns 1579 289 252,8 140, 1 
_40135,0|19,4 19-4} 99 122,4107,9 199] 66,2 209391 16,4 [92 25320 140, 
| 4103 5,9 19,9] ” 11123,3ʃ(68, 40191 210,801 16,8291 254,50147,1 f 
355.705 11 92 124, 268, 80192 211,711 17,%92½ 55,4141, 
43 37•6 20,8 93 3125,169, 3193 2125½ 17,8932 56,3142, 
4638, 9 1,30 94 125,069,894 2135411 18;31294425951'142,5| 
8839-42158 9583714570 145125,80 703950 248253118, 98 288,0 143, 
4640, 2 2,3 9684, 06, 546127, 0, 8 1961 2 552 1195396 2585914355 
1A! 97 17,014 128,6 7153019711 [22 6,011197] 297 259.8 144.0 
48,2, 3, 3 9885. 7,548 Jf 29,40% 181198 246, 9/120, 0 200,6 144,5 
49042, 9 3,8 9986, 68,49 f30, 32, 290 2180 20%% 9961, 1480 
5043.7 24˙2 — 87,5149, 50459113 142172471200 2187/21, 300 262,41 
Dift Dep.] Lat. itt. Beep. ist. | Dep: | Lat: Lat Vis. | Dep. Lat. Piſt Dep: 

_ Difference's of Lat. and i Dep: = 6r Dep. 


— — 


* * — 
— — 


— 


1 


——— 


"Difference of Latitude and Departure for — Deg. 


oo, 9000, 5 
01,701, o 
02,0% 1, 5 
03, 5102,0 


51043 
05,2 
06,1 
06,9 
07,8 
08,7 


11,3 
12,1 
13,0 
13,9 
14,7 
15,6 
16,5 
172311955 
18,2 
19,1 

319,9 
20 

. 
22,5 
23,4 
2472 


25,1 


09.5 
10,4: 


93,0 
2375 
04,0 
9445 
(95,0 
05,5 
06, 
56,5 
07, 


08,0 
08,5 
5950 
29,5 
10,0 


110, 5 
11,0 


12,5 
13,0 
. 


20,0 


33,8 
34> 


36, 


39,0 
39,8 


4 4714957 


41,6 
42,4 


3259 19,0 
19,5 
20,0 
— 
3575020, 5 
421,0 
3772ʃ21,5 93 
38, 1022, 94 
2.055 
23,0 96 
23 Il 


22,5 


24,0 
24, 


02,5 


| xd 1 itt. 


51 
52 
53 
54 
55 


Lat. | 


44,2 
4540 
4539 
40,8 


47,0 


Dep. Diſt. 


Lat. | 


Dep. Diſt. 


| L Lat. [ Dep. 


25,5101 
20,0 102 


27, flo 


26,5103 


275,5 1039 


07, 5 


11,5 
12, 


56 
57 
58 
59 


48,5 


49.4 
50,2 


51,1 


60 [52,0 


61 


62 
63 
64 


65 


650 
67 
68 
69 
Jo 
7 1 


72102 


73 
14 
W+ | 
76 
77 
78 


28,0 


28, 
29,0 
2955 


30,0 


107 
108 
109 


IIO 


106 


87,5 

89,2 

90, 
2259] 
91,8 
92,7 
9355 


94.54 
95,415. 


525,8 


5357 
54,0 
5534 
50,3 
57,2 
58,0 
509 
59,0 

60,6 

61,5 55 
54 
63.2 
64,1 

65,0 
65,8 

66,7 


67,5 


68,4 


69,3 


111 
112 
113 
114 
115 
116 


117 
118 


119 


120 


39,5 
31,0 
31,5 
32,0 
32,5 


33,0 
3375 
34,0 
3455 
35˙ 


96,7 
97,0 
979 
98,7 
99,0 


550,515 1 
51,0 152 
51,5 153 
5250 54 
52,5 


1 3 354 


140,3 
141,2 
142, 0 


142,9 


100, 5 
101,3 
102,2 
103,1 


103,910 


170[147,2 


121 
122 
123 


124 


3555 
30,0 
36,5 
11370 
322. Y 
38,0] [126 
38, 8127 
39,0128 


39,50129 
40, Ol 30 


70,1 
71,0 
11,9 
7257 


5173.6 


40,5131 
41,0132 
41,5133 
42,0134 
42.5135 


125 


104,8 
105,7 


109, 1 
I 10,0 


[11,7 
112,6 


106, 56 


107, 406 
108, 306 


110,816 


14575 
146,4 


148,1 
149,0 
149,8 


150,7 
151,6 


130, 8 
131,676 


132,5 7 


7575 


322 222 
135,1 
136, 
136,8 
1377 
130 


139,4] 8 


| 94 


27250229 
178,4 


143,8 
144,6 


| 187,9 


DN 


17.5, 
170,7 


179335 


180, 1 
181,0 
181,9 


_ 


A 7. 
101,5 


1187 
183, 


184,5 


185,3 
186,2 


I87,1 


188,8 
189,7 


190,5 


191,4 
Iy2,3 
19351 


110, 5 
111,0 
111,5 


194,01 12, o 
19459 


112,5 


11354 
11453 
115,2 


116,0 
116,9 


67751185 


7455 
75783 


76,2 
1144,5[139 


77 
1779 


43,030 
4351 37 
440] 139 


45,0 | 140 


117,8 
118,6 
119,5 
120,4 
121,2 


68,01 86 


68,0187 
69,0188 
69,5189 
10,0 


91 


92 


90 


43˙3 2519 100 


N16 ep. La Biff. 5p. 


78,8 


7957 
80, 5 
81,4 
2,3 
83,1 
84,0 
818429 
9185,44 
86, 6 


Dep. 


45,5141 
46,0 142 
46,5143 
47,0144 
428145 


122,1 
123,0 
123,8 


124,7 
12 5,6 


48,0010 
8,5147 
49,0148 

95501149 
ys 150 
| Lat. Diſt. 


128,2 


120,4 
127,3 


70, 5191 
71,0192 
71,0193 
72,0194 
72,5195 


152, 4 
715353 


181156, 


190 


154,1 
15529 


157,6 
158,5 
159,3 


160,2 


155,0 8 


195,7 


190, 0 
197,4 
198,3 
19942 


5122539 


161,1 
161, 
162,8 
163,7 
164.5 


200, o 
200, 9 
201,8 
202, 6 


204754 
205,2 
206, I 
267, o 
207, 8 


165,4 
166, 3 


167,1 
168,0 


168.00 9 


208,7 
209, 6 
210, 4 
211,3 
212,2 


113,0 
113.5 


| 
114, o 


1145 
115,0 


115755 
116, 


116,5 


117,5 
118,0 
118,5 
119,0 


119,5 
120, oſſz 90 


120, 5 
121,0 
121,5 
122,0 
122, 5 


271 
272 
273 
[274 
[2/5 
[276 
211 
278 
279 


2 90 


281 
282 
283 
284 
1285 


286: 


287 
288 
289 


291 
292 
293 
294 
295 


73, i966 


73551197 


129, 


74, 0198 


91755 OO 


169,7 
170, 6 
171,5 
172,3 
17322 


Dep 


8 5 199 


Lat. I[Diſt. 


Dep. 


2 14, 8 


213,9 


215, 
216, 


2 13.45 2 3,0 


123,5 
124,0 
124,5 
125,0 


iſt. Dep. 


Lat. 


296 
297 
[298 
299 
399 


253297 
2.540 
2555 
2 56,3 
2514 
258,1 
258,9 


Diſt. 


"Dep. 


2 59,6 


Dep. 


146,5 | 
147˙⁰ 
14255 
148,0 
148,5 | 
149,0 
149,5 
I 50,0 


Difference of Lat. and Dep. for r 60 Deg. 


HE WA *_E3% bh. 4 —— Y bh” 4 „ _ 


— 


„ ww „ 


oel 


315. 5 Hifference of Latitude and Departure for 31 Dep. 


Lat. Dep. Diſt. | Lat. 


Diff. 
ES 
2 


3 
419335 
. 


1159.4 


Lat. 


29,9 
0757 
02, 6 


0443 
O3, 1 


06,9 


9777 
28,60 


10,3 
11,1 
12,0 
12,9 


06,0] 


00, 5 51 
SI 52 
51,5 
O2,1I 
02,6 


Is 
54 
55 


43,7 20,3 
44,002 6,8 
4 534 OF 
40, 327,8 

4751129,3 


14,6 


1357 


1574 
16,3 


17,1 


1 


71514 


48,0 28,0 8 
48, 829,4 
49,79, 
50, 6030, 4 
515413949 
52313 154 
31,9 
54,0 32,4 
54,8 3 3,© 
55»7133»5 
56,6 


58,3 


59,1 
60,0126 


13,0 
18,9 


20,6 
21,4 


1977 


22,3 
23,1 
24,0 
24,9 
Z 537 


135,4 
13,9 
1454 
1459 
1555 


26,6 
275.4 


33 [29.3 


29,1 

30,0 
30,9 
31,7 
32,0 
33,4 
343 


16,0 
16,5 
17,0 
1755 
18,0 
18,5 
19,1 
19,0 
20, 1 


3551 
36, 
30,9 
3757 
38,6 6 


39,4 
40,3 
41,1 


21,1 
21,6 
22,1 

22 ,6 
23,2 


—2 


76 
77 
78 


79 


80 


81 


82 
83 


60, 8 
61,7 
(52,6 
03,4 
04,3 
05,1 
66,0 
66,8 


07,7 
68.6 


70,342, 2 
71,1042, 


472,043, 


85 


86 


87 
88 
89 


20,61] 92 


91 
92 
93 


94 


95 


72,843 8 
73,7443 
74,6044, 8 
7 53414533 
70, 3 45,8 
22244654 


D-p Diſt, Lat . [Dep. Dit. itt. 
050 0052, [T 5T 129,4 


101 
102 
103 
104 
105 
106 
107 
108 


109 
110 


104, 606 


87, 52,5 
88,3053, 
89, 1053,6 
994015441 


152 
153 
154 
155 


Lat, 


130,3 
131,1 
132,0 
132, 8 


90, 8054,6 
91,7155»1 
92,015 5,0 
9374 56,1 
943136, 
9 5115752 
90,0577 
96,8158,2 
975715997 


98,6 5972 


994415957 
100, 3060, 3 


101, 160, 8 
102, o[6 1, 3 
102, 861,8 


103, 762, 3 171 
2,8172 


105, 463, 
106,3 


107, 164, 


78, 0040, 9 
78,5147, 
79,7147>9 
80,6148, 
$1,4448,5 


2357 
24,2 
24,7 


96 
97 
98 
99 


42,0% 5,8 [100 


Dep. Lat. |Diſt. 


82,3 49,4 
83,1050, o 
84.050, 5 
84,851, 
35,7 $135 
ep. 


150 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 


170 


173 


63,9174 


128 


108,0 64,9176 


108, 806 5, 


177 


109,7 05,9 178 


110, 6066, 
111,4 67,0 180 


179 


112,367, 50181 


113,1 


68,0182 


114, 0[68, 5183 


114,869,018 


115,769, 5 
1 116,6 6 70,0 
117,470, 6 
118,3 


119,171, 6 


120,0 7 2al I 


120, 8072, 72:0 


121,773, 1 
122,6 73,6 


123,447 442 


1245317 457 


130 


Lat. UDiſt. 


| Dep. 


125,1 7 542 
126,0 75,7 
126, 876,2 


[ 27»] 76,7 
128,677, 


71,1 


185 
186 
187 
188 
189 
190 
191 
192 

93 
194 


195 


190 
197 
198 


199 
200 


133,7 
13455 
135,4 
136,3 
137»! 


138,0 


138,8 


139,78 
140, 5 8 
14124 


142,3 
14351 

I 44,0 
144, 8 
1457 
146,5 
14774 
148,3 
149,1 


150, o 


15058 
151,7 
152,5 
1534 
I 5443 
I 55,1 
156,0 
156,8 
15757 
158,5 


15974 
160, 3 
161,1 


162,0 
162,8 


Dep. Diſt. 


88,1221 


88,6222 
89,1223 
89,6224 
90,1022 5 


Lat. 


17253 
17351 
174,0 
174,8 


175•7ʃ10 


176,5 
177,4 
178,3 
17951 
180,0 


182,5 
183,4 


185,1 
185,0 


187,7 
des 


190, 3 
191,1 
192,0 
192, 8 


90, 60226 
91,2227 
9.728 
92, 2229 


9220235 


231 
232 
233 
234 


93.2 
93,7 
94,2 
94,8 
9533 
95,9 
96,3 
96,8 
97,3 
97,9 


230 
237 
238 
239 


163,7 
164.5 


165,4 
166,3 


167,1 
168,0 
168,8 
169,7 
170, 5 
171,4 


Lat. 


Diſt. 


100, 4 


100, 9 
101, 
102, o 
102, 5 
103, 0 


Dep. 


| Lat. 


241 
242 
243 
244 
245 
246 
1247 
248 
249 


98,4 
98,9 
99,4 
99,9 


19371 


19455 


195,41 


196,3 


235 


2.40 


2502 


198,0 
198,8 
19957 
200, 5 
201, 4 


202, 3 
203, 1 
204, C 
204,8 
205,7 
206, 5 
20774 
208, 3 
209, 1 
210, o 


180, 801 
181,7 


186,81 


197,1 118 


DE Diſt. 


| Lat. 


194,3 


189,4 


284 
| 285244, 2 


213,1 
216,0 


216,8 


217,7 
218,5 


22 235,711 
2761236,5 
4277 (5 31>4 
278|239,2 
279123941 
280 240, o 


133·9 


| Dep. | 
129,3 
129,8 
130.3 
130,8 
E303 
131,8 
132,4 
132,9 
133574 


13454 
134,9 
13574 
136,0 
136,5 
137.0 


— 

2 
O CO 

» 
— Un 


— 


240, 8 
241,7 
242, 5 
24374 


281 
282 
283 


286 


1288 
289 
61290 


245,1 
246,0 
246,8 
247% 
248,5 


287 


291 


2932571 
294] 
2950252, 801. 


292 [2 50, 2 


252,0 


296 
298 


25377 
297 


299 


30⁰ 25721115445 


249,4]1, 


254,5 
2 5594/1 
256, 2 


14773 


14954 


Diſt. 


. Diſt. 


Dep. 


Difference of Lat. and Dep. for 59 Deg. 


—_ ht. A. cet hd 


- —_ ů „ 


— 


32 - Difference of Latitude and De e 32 Deg. 
Put. Lr Dep. Diſt. Lat. Pep. Biſt.] Lat. Dep. Pict. Lat. &} Lat. | Dep. |Dift.q Lat. | Dep. 


155, 80,5 51143-2/27,0[t0t | $5,615 3>5F1 51 [128% 12 == 170,406, % 5712, 8 
201, 701, 1 5244, 127, 6102 86, [5% ½ 52 128, 9 80, [202 171, 5[toy, 252 213,7 
; 25 01, 6 53144-9123, 11103 | 87, 54,601 53 129, 87, 1203172, 1 109,6 253121445] 
| 4103,4102,1} 345, 828, 6104 88,258, 1 54 | 30,6} 8 1, 6204 1730 108,1}}254|215,4 

SD 22785 46,629,105 8928557855 131, 1 8e 12328108, 7 238021852 
60g, 1ſ03, 2 5647, 5½9, HG 89, 56,2758 132, 3 82,6 174,709, 2256217, 1 
7535,93, 7 678, 3030, 20 90, 56,757 133, 1 83, 2 20 [1755110997] 257 2179 
8 os, 804, 2 5849, 230, 08 91,67, 258 [1340 83;72081176,4/L10, 581218,8 
 9107,6104,8] 59 50,0131,31109 92,4157,8]1 59113448] 84, 3209 ff 77,21 10, 82892 19,6 
, 10J08,5Þ05,3] 60 Coil 1, 81 10 9343 583} 16013, J 84, 82 10178, 1 11 1,3]/260 220,5 
1 611,732, 3111 941158, 8 161 136, 5 8 5, 32 111178, 9 L11,8f26r 22130128. 
10, 206, 4] 6252, 632, 91 12 95,015944 16213740 85, 12179, 80112, 4262222, 2 
t 1,0j6,9]] 6353,33, 41139 95,8159,91163 1 38,24 86, 4% 13 180, 61 12, 9 63 [223,0 


— 2 — _ "——%\ 
—_ — . pe 
curd 4SIz% — - x 
— — - " N 
a : 5 — ” - . 2M A 


11,9 7:41. 467363, 9014 96,76 oo 154 86, 9 14181, 51 13, 4264223, 9 

| 151 2, 708, o 6555, 1034. 15 225 61,0][165 |r: 87,5% 15 1823 114,026522457 

; | 16113, 55,5 665650 903 5, 16 98,46 1, 166 88,0 216 183,2 114,266 225, 22576147, 

| 1714, 4, 0 67 56, 803, 5 17 99, 2062, o 67 88,5 17184, [11 5, 0 2 226, 441,5 

| 181 5,3 09, 68 57.736, 001 18 100, 162, 5168 89, oſz 18 17 115,502 68227, 30142, 0 

j 11916, 170, 1 69158, 5036, 6 11900, 9 63,1169 89,6% 19185. 116,169 228, 10142, 

[22 122910, 70159-41371: 20[101,8163,61170| 90, 120186, 11676 200229700143, 1 
N | ' 2L[17,8]1 1 1,1 71 "7160,2]37,6]/127 102, 6064, 1 171 90, 6221 1874151 71 229,8 143,6 
* 2218, Jr 1,7 72161 „1138, 2122 103, f 577 91, 222188, 3 17,772 230, 144,2 
WW [23119-51122] 73/61:938,70123[104,3]65.20173[146,7] 91,7Þ223|189,1)018,20273/23105 1447 
4A 2420, 412, 74102,8 39,224 105, 2 65,7 174 92,2224 981187 744232, 4145, 2 
1] * 251215211 3,30} 75103>0]39,81125[106,0 66,311 75 48,4] 92, 8225190, 8 119, 3275233. 2145, 8 
4 2622, 0013, 8 76 6 1858 126106, 8 56,8176 ] 9333 2261]191,6|119,8]]2761234,9]146,3 
l 127 It 77105-3[49,8]27 109, 767, 30177 93,8227 ff 92, 5120, 327708 34,9140, 
4 | | 78166 AL 128108, 5 67,8 178150, 90 94, 3228193, 3120, 8278 12852 147,3 


4 79 67,9141,9 129 [109,4(68,4/179|1 51,8] g4,912291194-2[121,402791230,61147,9 
0067. 8042, 4%½ 30 ff 10, 268, 91801 52,6] 95, 4 z 30[195,0/121,9]280! 
5,4 81168,7/42,9]137 [11 1,1169,4]181 153,5 96231 195:9[122,4]281 
| 82 69,5043, 50132 "oy 


2 37,4[148, 
238, 3148, 
79,0) 182 154.30 96, 532196 7 123,082 239, 149,5 
8370, 444, of 33 . 70,5 183 155, 2 97, olfz 33197, 6123, 5283 240, oſi 50,0 
94% 1, 244, 5341 13, 61, 184/156, 97, 834 1904 124.084 40, 8 50, 3 
8572, 145.1001351 14,5 71,6 85 156,9] 98, 135 1992312455 31124,62851241,7[151,1 
8617 2,914 5,6136113, 3 157,7 8,6365200, 1 12 5,xþ286 [242,5]1 51,6 
73,8046, 137/116, 158,6 99, 1237 201, 00125, 6287 243, 452, 
8874, 6046, 61380117, o [1 59,4]. 99,6238 201, 8126, 1288 [244,201 52,0 
8917 55[47+2" 39171729 160,300, 239 a0, 126, 7/8945, 105352 
90176,3147,711140[118,7174,211901101,1]100, 7240 [203,511272[290 [245911 5357 
— . * — 1 — . * — —_—_— 
77,048, 2141119, 6 152, T0, 2 ·Aü 204, 4127/291246, 8 54, 
42120, 162, 8010 1, 8242 05, 2 128,3 292 247, 6% 54,8 

121,3 3163, Ifo, 3243 206, 11 28,80293 248,55, 
122,176 164, . roa, 844 150 1295302942 49, 30 85,8 
12 3,0176,91195|165,4]03,4][245 [207,311 29,9}295 250, 21 50,4 
39,002. 123,877, 166,2 103, 946 O8, 6 30, 49651, oi 56, 
399912449} 124,77 167, 1104, 4% (209, 51 30,9297 [251,911 574 
40, 7 5,4 988 125,5 167.904, 9% 48 fa 10, 31 34,4962, ½157˙0 
41,6026, 0 99 84, 052, 549 1 26,4 9168, 80105, 5249 E11, 2 32,0 99283601 58,5 
42,42 6, loo 150127, 2 69,6106, % 5125001322300. 
DLT r HL | Dep, 1Tep-] Lat: IH Dep! [i Lat. IDift.. 


Difference of Lat. and Dep. for 88 1 


2 3 


Dutt, 


Lat. Dep.] Diſt. 


oo, 8 ſoo, 5 
01,701, 1 
02, 501, 6 
03,402, 2 
242] 02,7 


Oer ÞD w 


12 
*. 

14 
15 


05,0, 0343 


05,9 
00,7 


03,8 
04, 3 
0449 


0108,405,4 


Lat. Lat. 


Dep. Diſt. Diſt. 
27,8101 


6,26, 102 
28,9103 


29,4104 
30, [ro 5 


30, 5100 
e 
31,6108 
5032, 1109 
32,71 10 


Lat. 


84,7 
9535 
86,4 
87,2 
88,1 
88,9 
2957 
90, 6 

91,4 
92,2 


9 2125, 

I 
| — 
1109, 206, o 


10, 106, 5 
10,9107, 1 


11,707, 6 


12, 6008, 2 


58343 


33,2111 


112 
113 
34,9114 
354015 


33,8 


Lat. Dep. Uiſt. Diſt, 
550[151 
5595] I 52 
1 I 
5s ior 
97321155 
A 156 
58 5857 
5 8,8 158 
159 


160 


5934 
59,9 


931 


94,8 
95,0 
90,4 


16 
17 
18 
20 


13,408, 7 
14,309, 3 
15, 109,8 
15,910, 3 
16,8010, 9 


33,9 /116 


30,511 17 


370579 118 


37,6119 
38,1 120 


21 
22 
23 
24 
25 


17,601 1, 

18,41 2,0 
19,312, 5 
20, 113,1 
21, 01 3, 6 


38,7 121 
39,2122 
22139-81123 


40,3 1274 
40,8 125 


26 
27 
28 

29 
30 


22, 6014, 


21842 


2355] 532] 
24, 315,8 
25,216, 38 


41, 126 
41,9 I 27 
42, 50 28 

— 129 
TEE 611.30 


26,0116,9 
26580 7 

27,718, o 
28, 5018, 5 
29,419, 1 


5 
1447 


131 
132 
45,2133 
45,7134 


46,3135 


30, 219,6 
31,0[20, 2 
31,920,7 
32,72 1,2 
33,502 1, 8 


46,8136 


73,047, 40137 


47,9 [138 
48,5139 


49,0140 


342412233 
35,22 2,9 
36,1 235 

36,9024, o 


371»11-4+51}_9. 


49,6] I41 


7.72150, 1142 
76,60, 143 
8151,2][144 


51,7145 


9773 
98,1 
99,0 
99,8 


100,0 


10155 
102, 3 
103, 1 
104.0 
104, 8 


93,9101 


1060, 5161 


162 
163 
164 
6[1165 
I. 166 
63,7167 
64,3168 
64,8169 
65.4||t70 
65,9171 
66,4172 
67,0173 


67,5074 
68,1 175 


I,O 
61,5 


2 


105,768, 676 


106, 5 69,2 [177 


109,9 
110,7 


11 1, 5 
112,4 
113,2 


107, 3 69,7 178 
108, 270, 30179 
109,0170,8 8111 80 


78187 
34,9182 

72, 4183 
73,01 84 
23.501 85 


Lat. 
120, 0 
12725 


129,1 

I 30,0 
1 30,8 
131,7 
132,5 
13373 
134,2 


70 
135 

136,7 
13755 
138,4 
139,2 


140, 
140% 


128,3 


"82,2 201 
82, 8 [202 
83, 3203 
83,9204 
34,41205 
83 5,0|[206 
8 5,511207 
$6,0|[208 
86, 6209 
9771 210 
87,7 211 
88,202 12 
88, 800K 13 
89,3214 
89,92 15 
90, 42 16 
90,9217 
91,5218 
92,0 219 


92, 6 220 


93.1 1221 
93.7222 
94,2223 
94.8224 


95.802 26 


96, 427 


96,9228 
97.5229 


99,1232 


9957233 
100, 2234 


100, 835 


114. 


116, 6 
117,4 


74, 10186 


114,974,618 
115, 773,2 0188 


75,7189 
2652190 


118,2 
119,1 
119,8 
120, 8 
121, 


76, 8191 
77730192 
7791193 
78,4194 
22228 


38,602 5,1 
39,412 5,0 


48140,3126,1 
[41,112 6,7] 


96 


97 


988 


99 


52, 30146 
32,8147 


5374 
* 


49 


148[124,1 


122,4 
123,3 


79951196 
80,1197 


12 3,0 


80, 6198 
81,1199 


101,3 236 
101, 8237 
102, 4238 
102, 9239 


104,012 41 
104, 6242 


161, 80103, 10243 


1 62,7 105,7 244 


163,106, 24 
164,4 106,7 246 
165, 2107, 3247 


166,007, 8248 


166, 9108, 4249 


283.2 


93,01230 
98,231 


103.524 


355 Difference of Latitude and Departure for 33 De 1 


Dep. Dit Lat. 


| Lat, 

168,6 
169,4 
I70,2 
171,9 
172, 8 
173,0 
174,4 
175783 
176,1 
176,9 
177,8 
178,6 
179,5 


180, 3 


181,1 
182,0 
182,8 
183,7 
18475 


185,3 


18750 
187,8 


186,201 


188,7 


192,0 


192,9 


193.7 
194,6 
19574 
196,2 
1971; 

197,9 
198,7 
199,6 
200, 

tw 
202,1 
202,9 
203,8 
204,0 
20575 


206, 3 
207, 1 
208,0 
208,8 


ol, E, zi 5[150[125,8 31,71[200 167, 108, oſz 30 |209,7 
Bit ep.] Lat. iſt. Ber al Lat. Biff. Dep. | Lat. Diſt.] Dep. 


Difference of Lat. ang Dep. for 57 Dee. 


— oo — 


2 


"44% Difference of Latitude and Departure for 34 Deg. 


; Dift.; Lat. Dep. Diſt. 
1000, & 00,6) 51 
2001, 701, 1 
302, 50 1, 


2 06,2 67 
09,9196, 7] 
10, 800%, 30 63 
11,6 7,8] 64 
12,4409, 4) 


1451 
bay 
15,8 


05,8 39] 57 


13,3 58,9 


Lat. Dep Ditt, 
4243/28, 
43,1129,1 
4359 29, a | 103 

54 44,830, 1o4 86, 

1102, 9 5545˙50830,8 105 
56/46, 431, 30106 
47,303 T, 90 ro) 
| 58 48,1132,4\|108 
59.8, 933, flog 
0149» 713.3»21[1 10 
50, 634,171 
254, 434,71 12 
52,23 5,2113 
53.135,80 114 
5393230115 
5554, 36,9116 
9,5 9715555137504 17 
10,1 856, 438, or 18 
10, 6 69 57,238, 6119 


LEA. Lat. Dep. 
3377 56,5 


101 
| 52 102 


53 


88,7 59.0 
| 89,5100, 
90,410 1,0 
91,2061, 5 


2 


84,65), 152 

57,0153 
266, 2 154127, 
87,0]58,71].55 
279 24 - 156 


Lat. 


125, 
126, 


126, 


Diſt. 
1517 


128,9 


Dep. tt: 
84,41 zor 
85, 0202 


85, 60g 
86, 1204 


86,7295 


1571130,2 


158 


159 
160 


131 


136, 


166137, 


129,3 


13 1, 


132, 

13375 
13473 
135,1 


136,8 
138,4 


139,3 
140, 1 


90, l z11 
90, 602 12 
91,1013 
991,714 
92,3215 
92,8 216 
93,4217 
93,9218 


171, 506 


| Lat. 1 
16656 


167,5 
168, 3 


169,1 
I 169,9 
170,8|x1 


172, 

173,3 
174˙1 
1742: 
175% 
176, 6 
177,4 
178.2 
17957 

179,9 


180,7 
181,6 


Dep. IDiſt. 


Lat. | Dep. | 


112,42 51 
113,0 52 
113,553 


114,102 54 


11460255 
115,2 256 


115,857 
115,3 258 


1 16,9]}2 59 


11774 260 


208,1 140,4 
208, 9140, 9 
209, 7141, 
210, 60142, 
21 211,4 142, 

212,2 14352 
213,H143,7 
213,91144,3 
214,144, 8 
21595114 5,4 


118,c b 261 


118,6 262 


119,10263 


119,764 


120,265 


216,4 146,0] 
217,2|146,5 
218,0 
21 8,9 


219,7 


120, 8266 


121,267 
121,92 68 


220, 5 
221,3 
222,2 
223,0 


122, 269 
182,4 123,0/270 
183,2 


123, 71 
aer 
9 


94451219 
95,112.20 
95,6221 
96,2222 
96, 223 
97,3224 
9792 
98,4226 


16,6 611 1,2] 70158,0139, 10120 


17,411,771 50,9139] 121 
18,2 597 40, 122 
19,1 0,5 40, 8123 
2419, 9 1,3 41,4124 
20,7] 62,2041, 91 25 
21 21,64, 76 63842, 26 
22,4 63,843, 10127 
9 78064, 743.6128 


140, 9 
[41,8] 
142, 

14 3,4 
144,2 
143,1 
145.9 


223,8 


224, 


22 5, 5 
226,3 


227,1 
228,0 
228,8 

229, 6 
230, 5 
23153 
232,1 
232,9 
233,8 
2 3440150, 
235,4/158,8 
236,301 
23751 


23759 
238,816 1,0 


239, 60161, 
240,411 02,2 
199,834 3481291 |241,2 

292242, 1 
2431,43, 09342, 16 


100,3 57,7771 
101, 168,272 
102, o 68, 8173 
102,8 65 174 
103,016 9.91117 5 
104, 5 70, 5175 
105,3 71,0177 
106, 11, 6178 
106,9 72, 1179 
107,6 72,7 180 
108,6 673, 3 181 
I09,4 73,8 182 
110,374, 183 
111, 14,9184 
— 19 288018 
* 76,1186 
113, 6/76, 60 187 
114,477, 2188 
115,277, 7189 


[16,1 
116,5 


184,91124,71][273 
185,7 125,32 74 
186,5 325180275 
187,4 126,4 276 
1107 99,0227 188, 2126, 9 1277 
147,6 99, 5228189, 12,5078 
148, 4100, 102291 89,8128, 1 279 
149,2 100, 72 30190, 7128, 62 80 
150, 0101, 22310191, 5 
150, 9 101, 80232192, 3129, 7282 
151,702, 30233193, 
152, 5102, 92 34 194.0 
I 53,41103,51123 511948 1315 
154,2 104, oz 36195, 6 
155,0 104, 6237 
155,905, 1238 
156,7 105,739 198, 1133,6289 
190[157,51100,211240 
158, 31106,8| 241 

I 59,2 107, 242 
160, o 107,9 
119, be e e 
| 161,71109,0 { 

162, 51109,62461-03,9]1 37,00290 
121,9 82, 297163, 3 10, 11247 1-94» 97 
164, 11 10,248 

1655, 01 11, 249200, 
88,8011 8220 207,3 2 300 


Dep. | Lat. Di: Lat. JDift. 


24, 65,544,229 
24, 66,3 4470130 
2577 67,145, 30131 
26, 5 63,0/45, 91132 
27,4 | 83168,8 46,4133 
28,2 19,0 8469, 647, 00134 
29,0 19,5147»51}1 35 
71,3 48,1 136 
72,148, 7137 
73,049, 2138 
8049, 8139 
6080, 30140 
75,7½4 (50,9141 
51,4142 
771052, 143 
777952, 0144 
78.805371 145 
79,653,746 
80, 44,2014 
* N. 54,8148. | 
e TE go 199 
8 
Lat. Diſt] Dep? 


29,8 
30,712957 
31,5|21,2 
32,312 1,8} 89 
34,012 2, 9 91 
34 5 92 
35,002 4,0 93 
36,5246 94 
31312 5»21] 95 
38,1 112 5,7 9 
39,026, 097 
39, 8ſa b, 8 
40, 6 7,499 
6041, 328, o 


Biſt. Dep. Lat. 


87 
88 


+ 
Un 


244] 


I” — COLE I" 


I Dierence o 


atitude and Departure for 35 Deg. | 


Lat. Dep. Diſt. Diſt. Lat. Dep. Diſt.] Lat. Dep. 25 Lat. Dep. D Lat. | Lat. | Lat. | 
141 $[29,21101 | 82,7 57,9 151123, 86,6 [201 164,6]1 15,3 251205, 6 14359 
42,629, 8 lo 83, 558, 51 52124, 5 87,2002 165,4 15,812.52 206341144» 5] 
43,4030, [(log 34,4159,111531125,3] 87,7203 166,3 116,412 53207, 2145, 
44,203, [frog] 85, 289, 61 54/126, 1 88, 3 04167, 1 117,00 284 205, 0145.) 
; 45:93 1,5]205| 86,0]Þ0,211551126,9] 88,9Þ051167,9]t 17,6]255|208,51146,2 
: 4 549132, 1 [106 [1 56 127,8 89,5]}206 168,7 11851 1 256 209,6 146, 146,8] 
ö 40,732, 710% 17128, 6 9% Eo 169,518,757 210,544 
I 8147513 3-398 158129, 90,6] 08170, 301 19,3258 KK 11, 30148, 0 
I 48,333,809 30, 2 91,209 71, 119,9 59 lz 12, 1148, 5 
49210344110 2 5 13150 91,8]210[172,0 ESR, 949,1 
1 50,0035, 00111 | 92,32 110172, 8021, 061 213,874, 
: 50, 8035,61 12 92, 9 z 12173, 6012 1, 62 62 z 14, 61 50, 
EM 51,6035, 1113 93, %½ 13/722, 63 21541150, 


6452,36, 714 
12, 308,6 658322373115 
| 54111379 1116 
754.988,02) 

680557039, 18 
69056, 5039, 619 
70 57²3 40, 1120 
71058, 140, 7121 
72 5853 122 
N 73 593 1,9123 
74 8 6/4274 124 


944121417 5,311 22,7] [2642 10,2157, 
94,6]21 5}170,1 12373 265 21720018270 
95,2216 176,911 23, E 217,8 12,0 
95,80 1777, 24, 467 f 18, 53, 1 
96,32 18178, 12 5, 02 68 2 19, 501 53, 
96,9 19179, 125, 269 220,301 54,5 
97-5] 220180, 126, 202 70 154,8 
98, 1/221 M7 vj ol | 
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360 "Difference of Latitude and ng moe tor 38 Deg. 
Diſt Lat. Lat. Dep. Diſt. Lat. Dep. Diſt.] Lat. Dep. Dift. 2 Lat. | Dep. Diſt. Dep. Diſt | Lat. Dep. 
100, 800, 51 1 [41,3 39,0101 | 81,7159,4. 151[122,2] 88,80 01 16256 118,1 510203, 1 14775 

2051, 01, ] 52042, 130, 602 82, 50, 00152123, 89,2 202163, 4 110,5 520203, 9148, 
3502, 440 1, 8 5342, 93 1, 203 83, 3 60, 5153 123,8J 89,9203 164, 2119, 3253204, 148,7 
4 |23,2 02, 5443,71, fog 84, 101, 154124, 6 90, 5204 165,01 19,9: 54205, 5 149,3 
_ 5]24:0 e 55144,5132»3]|105| 84,9]61,7]1 55 [125,4] 91,1]205[105,8[120,51255[200,3]144,9] 
6104, 9 53,5 5645, 332, 9106 85,8 52,3075 126,2 91,7] [206 166,121, 10 56 207,1]1.50,; 
71254719451] 5746, 133, 50% 86, 62, 90157 2228 92, 31207167, 5121, z57 20%, 9 151,1 
8196,5194,7]] 58 46,934, 10 08] 87, 463, 5158 [127,8] 92, 9208 68, 3122, 30 58208, 7151 
907, 305, 30 59 47,734.) rog 88,264, 1159128, 6 93,5 209 169, 10122, 8259209, 5152, 2 
10108, 105, 9 60 48,513 5,3 110 89,064, 160 129,4 9430 2100169, 9123, 42602 10, 3 152,8 
"71 08,9106, 5 61 [49, 303 5, [f 89, 806 5, 2 161 130, 9460 TT 170, 72061 211,173, 
12 ſog, 97 6250, 236, 41 12 90, 6% 5, 816213 1,1 95, 2212171, 5124, 662 12, 01 54,0 
13 fe. 07, 6 6351, 0037, off 13 91,466, 416313 1,9 95˙8 2131172,3 * 24263 12,8154, 6 
1401 1, 308, 2 646 1, 8037, 6 14 92, 267, of 164132, 96,42 14173, 10125, 802642 13, 60155, 

151271 08,8 6552, 6 38,2 115 93,0 2.66165 133, | 97,0 215[173,9]126,4 265 214,401 55,8 

1612, 909, 44 6653, 438,8 16 93,8068, 2 166 13433 97,612 16 [17447 1226 2662 16,2 156,4 
1713, 8 10, o 67 54,239, 4117 94.768, 867 135,1 98,2 217 175, 66127, 6267 216,056, 
18114, 6 10,6 68 55,0040, 018] 93, 569, 4168 135,9 98, z 18176, 4128, 10268 z 16,8015, 
19 1 5,4]11,2] 6965, 840, 61 19 96, 369, 9169 136,7 99, 3219177, 128,769 17, 60158, 
2016, 2 I 1,0] 70156,6]41,11|120] 97,1170,5170[137,5|_99,9]|220 178,01129,31270|2 18,411 58,” 
2117, 0012, 371 5 121] 97.971, 1171 138,310, 522 101 78,.8 129,971 19, 59,3 
2217, 8 12,9 72 58,242, 30122 98,7% 1,72 139, 101, 1222179, 6 30, 5272 220,01 59, 

| 2318, 613,5 7359.1 14,9123 99.5% 2,3173 140,01101,71223 180, 4131, 1073220, 9160, 
2419, 4014, 1 7459, 943, 524100, 32, 9174 140, 8 102, 34224181, 13 1,7742 1,716, 

230,214 75 [00,7144 1]125[10131173, * 141,61102,9]225115820[132,3]275[22251161,6 

26[21,0|15,3 44,7126 101, 974,1 1761142,4 103, 5226182, 8 132,8 276 223, 3076272 

271, 815,9 453 127 10757 74707 143, 104, 22183, 6 224,11162,3 
| 6, 4558128103, 6 75•5 178144, o[ 104, 6228 [18 224,91 63,4 
46, 4129104, 475, 8179144, 80105, 2229 225,164, o 
4750130108206, 180 145,610,823 226,5 
47:6[131|106.0177,o0181 46,466,437 227,3 
6,348,232 106, 8, 6182147, 20), 0232 228,1 
48,8133 10%, 678, 2 183148, 107, 60233 228, 9166, 3 
49,4111 34 108,4 [724 148, 108,212.34 229,6 
00,0150,01135 [1092 79-4 [1 8511497 108,71235 230,6 
50, 6135 1 10, 079,91 861 50, 51109, 30236 231,4 
51, 10137110, 8080, 5187151, 3109, 9/237 23252 
51,7138J111, 608 1, 188182, 11 10, 5238 233,0 
72, 0052, 3 139011275 87,7189 152, 91 11, 10239 233,8 
2 113,312,30190[153,7]11 1,7124011 9002346017075 
1410114, 1082, 91911 54, 5112, 3241 23541171» 
45 114, 93,5920155, 12, %42 236,217 1,6 
54,743 116,784, 1093156, 13,4243 2370 1725 
55,3144 116 584.694 114, oz 44 237,801 72, 
26,91 881451122308 22195 114.6045 238,711734 
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576143 18,986,409) 115,804) 240, 307455 
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58, 81 50 121 12123088, 2 200 W278 1 20 1242.212223 6,3 
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Nift | Lat. Diſt.} Lat. [Dep. [iſt t.] Lat, | Dep. _ Lat. Dep. 0 Diſt | Lat. Dep. 
3 101 90,700, 8151 [120,6 90,9001 160, 1 2 f, 0 5 1200, 41 51,01 
201,6 102 81,5161,4]152 [121,4] 91,5202 161,312 1,6% 52201, 151,6 
302,4 103 82, 262, 133122, 2 92, 1203162, 1122, 53202, 00152, 2 
4 [23,2 104| 83, 1062,61 54123, 0] 92,7 204 162,9 122, 8254202, 8052, 9 
504,0 105] 83,63, 155[123,80 93,3205 17 355 2551203,0j1 53,5} 
6104,8 [106] 84,7]03,8]156[124,6] 93, 9% 06 164,5 124, 0 6204, 414,1 
7 05,0 | 107 05, 510434 157112534] 945207 16 655301246 257120 542 154757 
8006, 4 108] 86, 2065, [138 [126,2 95, 1020866, 123, 22 38206, 01 5 5,3 
907,2 1099] 87, 05, 6159 127, ol 95, 209166, 9125,89 206, 801 55,9 
1008, o 110] 87, 80, 2160127, 80 96, 302 100167, 7120, 426020), 61 50, 
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1310, 40 113 90, 268, 0163130, 2 98, 102 13170, 1128, 22632 10, oi 58, 3 
14411, 114 91, 0[08, 616413 1, 0] 98, 14/170, 9128, 82642 10, 8 158,9 
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26120,8 45,7 26100, 6/75, 8176140, 6105, 9 226 180, 136,0 276220, 41606, 1 
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7 39%. Difference of Latitude and Departure for 39 Deg. 
Dif, Lat. [Dep.hDiſt. Lat. N Lat. Dep. Diſt.] Lat. | Lat. | Dep. Dift.,_ Lat. | Dep. 
I ſoo, doo, 6 51 78, 563,615 1011), 3 156, 52120, 251195, 10158, 
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604, 703, 8 56 82, 46,71 55121, 2 160, 1 
oB, 4404, 4 57 83, [6 7, 3137122, 0 160,9 
8006, 203, ol 58 83, 968, off 58 122, 8 161,6 
907, oſo3, 7 59 84,768, 61 59 123,6 62,4 
100), 8ſo6, 3 60 8 5, 5169, 2160124, 3 163,2 
11 08, 506, 9 61 80, 3069, 91611235, 164,0 
12 o, 307, 62 87,0070, 562 125,9 164.7 
13 10, 108, 2 63 87,871, 1 163 126,7 165,5 
1410, 908, 8 64 88,671,764 127,4 166,3 
1311,70, 0515: 8951/25 165 128,2 16721 
16 12,4010, 1 66 90, 173, 166/129,0 167,9 
17113, 210, 67 90,973, 6167129, 8 168,6 
1814, 01,3 68 91,774, 30168130, 6 169,4 
19 145,8 12,0 69 92, 574,0 169 131,3 170,2 
2018750275079 933 7858017 13251 12170 
21 16,313,271 94,076, 1171 132,9 171,7 
2217, 1013, 8 72 94.8076, 8172 133,7 172, 5 
2317,91 4,5 73 9 5,017 7,44]17 3113444 173,3 
2418,75, 74 96,478, 174135, 2 174, 
2519,41 5,7 7805 971178,71[175|136,0! 17448 
2620,01 6,4 76 97,979,375 136,8, 110, 8026175, 
2721, 0017, 77 98,779,977 137,5111,4227|176,4 
2821,81 7,6 78 99,5080, 60178 138,3 7 12,0228 177,2 
2922, 518,2 79 100, 208 1, 2179 139,112, „6229178, o 
3023. 3018, 9 80 1015008 1,8180 139:9 113-3239 178,7 
31 24,1 19,5 81 101,882, 40181 140,7 113.9 2311 79.5 
3224, 9020, 1 82 102, 6083, 10182 141,4 114, 30232 180, 3 
33 25,620, 8] 83 103, 483, 7183142, 2 115, 2233181, 1 
3426, 402 1, 4 846 104, 184, 3184143, 01 15, 80234181, 8 
3527, 222, o 85 13519429 85,0 185114 3,8 116, 4235 182,6 
3528,02, 86 105,78 5, 6180 144,5/117,1 2301183,4 
37 28,812 3,3] 87 106, 5[86,2[1187[145,3]117,7]237 [19442 
38129, 523, 9 88 6 107, 2086, 8188 146, 1118, 3238185, 
39030, 324,5 89 9105, 987, 589 [146,911 18,9]239|155,7 
4037,10 /2[ 90 6 108,808 8,1901472 119,640 186,5 
41131: 5 2 5,8 91 109, 608 8,7191 148, 41 20, 2241187, 3 
4 32, ; 1 * 110, 3 * 4 149,201 20, 82420188, 
4333,44 7,1095 111,19, [931 50, 0 21, 5243 188,8 
4434,27, 94 111,990, 6194130, 801 22, 1044189, 6 
Be: ec 8er 4e ese s [199-4 
46 35,7859 9617 4,0100,41146 [113251919 196152, 30123, 32491, 
4736,50 9,6 975,41, [147 (114,2, 597 [1 5351] 2440 247 191,9 
4837, 3030, 2 986, 261,748 1150 93,11[198 153, 9/124, 48 [192,7 
4938, 1030, 8] 906, 9062, 3 140 115,893, 8199 154, 6012, 2249 193,5 
5038, 931, 81007727 525980 116,644 59 250119443 
Dit. Der. L. Bi Bep. Lat. Dit. Dep. Lat. Pitt. Dep. | Lat. Diſt. Dep. | 
Difference of Lat. and Dep. for 5r Deg. | 


40˙. Difference of Latitude and Departure for 40 Deg. 

[Diſt.] Lat. [Dcp.}Ditt. Lat.|Dep.Diſt j Lat. . p. Dit. Lat. | Dep. Ditt.| Lat = Dep. Ott. Lat. 15 
1050, 8 Joo, 6 5139, 103 2,8101 77, 44, 91310115, 97,0201 154,00(129,22510192,3(16774 
2051, 501, 30 5239, 8. 3,4010278, 155,652 11,4 97,702 154,7 129,9 252[193,9|162,0 
302, 301, 9 53149,613411:03| 78, 9%, 2153 [17,2 98,412031 553511 39,51253119345/162,6 

4003, 12, 6 5441, 434, 7J[rog] 79, 76.81 54 f 15,0] 99, 004156, 30131, 154/1945 
5 


163,3 
193,8[03,2] 5542/1353015 80,½4578[153 (118,2 99,60205157421131,50255119533/163,g 
64, sog, 9 542, 936, [ro 81, 68, 1136119, 5100, 31206157, 80132, 40250 190, 1018356 
PS. A,5 5743, 736, o)] 82,068, 8 57 [120,31100,9]207 [158,0]t33,1]2571190,9 165, 
S ſos, 105, 1 5844, 437, 3 [ros] 82, 769, 4138 [12 1, [f 1, 6208 [59,31 33, 7258197, 165, 
9 
© 


06, 9 5, 8 59 45,2037, 9109 83, 5/70, 11 59 [12 1. 8102, 2209100, 134, 4259 198,4/169,5 
07, 706, 4 604, o 38,0! 110 84,370,160 [122,0 102, 210 100,9 1 35,0 260 199, 2 I97,1 
118, 4% 1 61146,7139,24111] 85, o/ 1,3]161 [12 3,3]103,5]211[191,6]r 35,6120 11199,9/167,8] 
1209, 20%, ] 62 47,5039, 9 12 85,8]72,0]162 [124,1[104,1]2 12 [102,411 36, 30262 200, 7/168, 


13 ro, oſo8, 4% 63048, 340, 5113] 86, 6/72, 6163 f 24, 9/104, 82 13 201, 4169, 

114 10,7]09, 64049, 041, 114] 87,317 3»3]164 125,105, 414 252169, 

1511,09, 65 [49804581 88,1 3.916 512,416,115 64 203,01170,4 

| 26[12,3]10,3] 66150,0142,4[116| 88,9]74,6]1661127,2[106,7P216 253, 7550 

1713, 0 67051, 343, 1117 89,65, 167127, 9 10), 3217 7204,11, 

14 18 13,8 68152, 143,718 90, 475,9 168 128,708, oz 18 20.53/72, 3 

119 14,6 69052, 44,4119 91,276, 5169129, 4108, 62 19 200, 072,9 

29448530126 70 53-6145.01120 91.9 72210775 15020109, 30220 200, 80173, 

211, 71154, 445,0 92,777, 817101317, 010, 90221 207, 00174, 

| 22115,9 72055, 2046,31 93.48, 447213 1,7% 10, 22 208, 307458 

2311720 73 55,946 | 942179111173 [132,5]111,2223 209,117 55 

24418,4 74156, 747,6 95,0 397074 1333]111,9]224 209,9]170,1 

| 25119,2 75157˙448, 2 95,780. 4 [7s 134,0]112,5 2251253 210,6 170˙8 

26419, —-6158,2148,9 | 90, 508 1,0 176 1 34,8 113, 10226 2T1,4177,4 

2] 20,7 17,4 77 59,049, 97,3131, 6 177 135,6 113,8 227 . 175,1 

1 28121, 7859, 70, 1 98,0 82,3 178 130, 301 14,4228 212,9 178,7 

29225, 2 18,6 79100, 550, 98,808 2,9179 137,111,229 213,7 179,3 

} 30123, 80ſ6 1, 305 1.41139] 99,683.18 37,9115, 7%30 214,180, 

F 131 23.7 19,9 '$1162,0 52,7 109, 3084, 2 181 138,001 16,4231 215, 2180, 

I 321[24,5120,6}| 82162,8|52,7 101, 84,9182 139,417,232 210,0]191,3 

i 1332532 1,2 8303.6 5374 101,985,583 140,20 17, 33 216,818 5 

1 | 654,31540|1 34j102,0186,11[184[140,9]1 18,3234 217,511 82,0 
| 65,1154,0 103, 486,8 [18 5147, 18,9235 


218, 3183, 2 


219,183, 
| 
| 
| 


68,2 


655955,3036 154,27, 40 8614, 07,636 8 
BY 66,605 104, 9088, 1187143, 2120, 2237 219,8 19445 
is 67,4 6,6 105,7 3057 188144, 120,9 238 81220, 60183, 
. 


105% 9,4189144, 80121, 5239 221,41185,0 


Dep. ! Lat. 


 Ditterence of Lat. and Dep. for 50 Deg. 


— — TT 
— — — — 


68,9 107, 9070914580122, 1040 1543 222,11100-4 ( 
169,7 108, 995, 99,6 191 140,3 122, 8241184, 61 54,9]291 122229 18751 ; 
70,5 108,6,91,31192 114731112 3,4[242 185,411 55,60292122357]197-7\ lf 
71,2 1094519199 1931147,$|124,1]1243186,111 56,2293 224, 188,4 
0 2,016 11,3926 194148, 66124, 244186, 91 56,9294 |22 52 oP 
i 72,806 1, 10480 1171935219 5149,41 2 5,41245[187,7]1 57,50295[2202011990| Þ 
1 7355 14011, 83, 90196 150, 1125,24 188, 4158, 1096 220, % 9058 4 
j 74,310 112, 9455 197150, 91 26,6247 189, 2158,80 97¼22%5 544 a 
4 | 87551 813,495, 9815 1, 727, 30248 ff 90, 0 59,498 228,390 % i 
j | 73,8 114,155,899 52,4127, 249190, 7 160, 10 29929, 01925 
„ | 76,610 114,906, 44200 {I 53,2 21128,61250|191,5 169,300 [22978019259 
1 Lat. Diſt Dep. Lat. A.. ct Bes | ift.| Dep. Lat. Fit. Dep. Lat, 


— 


| | 41% Difference of Latitude and Departure for 41 Deg. | 
7 Diſt. J Lat. ; : ift. Lat. D. p. Dit. Lat. Dep. Ditt. Lat. | Dep. Dift.j Lat. | Dep. . 
4 7 76, 260,3 151 114,0 99,9] 20 1 201151, 131,8 251 189,4 164,6 
6 2 77,0066, 52 [114.7] 99,7202 152, ff 32, 55219, 166, 
0 302, 302, cf 53 c 1171010 53 115,100, 4 203153,2 133,2 257, 905,9 166,0 
? 4 02, 6] | 78,5, 68,2]1 54116, 101,0 2041540 133,824 191, 166,6 
5 7932/68,9 155 |117,0]01,7]2051:54-7[1345125511 9255 16773 
95,069, 5% 56 [117,7[102,3f206|1 55, f 35,1 560193, 167,9 
80, 870, 157 18, 503, / 156, 235,8] 257 194,0 168,6 
81, 570, 80158 119,2 103.6208 [157,011 36, 44258 194,7 169, 
4 71,51 59 fl 20, oft 04,3209 157, 713), 1259195. 169,9 
83,072,210 [120,8[105,0}2 10 fl 58,1377 195217055 
83,872, 80161121, 55, T1159, 138,426 119%, 177, 
84, 53,5% 62 122, 3106, 3· 12 160, of 39, 10262 1937779 
85,374, 1163123 105.9 13160, 80139, 263 198, 172, 3 
5 4,8½ 64 123,8 107, 6 14/161, 5140, 44264199, 2 173, 2 
86,807 5,4 165 [12455 108,2}2 215 162,3]141,01265 20,0 17378 
7,5 76, 1166 123,3 108,916 163, 01417266 200,8 1745 
88,306,767 126, [t 09, 52 17K 63, 8142, 3267201, 5 175,1 
89, 17,4168 126,801 10, z 18164, 5143, %½ 68 202, 3 173,8 
89,878, 1616927, 51 10, 9 1916, 3143, 6269 203,0 1704 
95760785217 128,011, 5/20 ff 66,01 44, 3702032817771 
91,3 79,4011 129,112,222 1 166,8 145, 204,5 177,8 
92, 180, 072129, 80112, 8222 167,51145,6 20,3178, 4 
92,8 80,773 130, 61 13, 5223168, 30146, 3 200,01179,1f 
93.6081 1,3741317, 3014, 70224 169, 1146, 9 206, 8 179, 
94,3082, 9 175]132,1]114,8]225[169,8[147,6 2075180, 4 
95,1082 61176 132, 80115, 4226170, 6148, 2 208, 318 7,0 
955,808 3581472 133,601 15,1022 171,31148,9 209, 1181.7 8 
96, 608 4˙0 178134, 3 116,826 172, 1149, 6 209, 8 182,4 | 
97,4 346/175 I35,1|F17,4|229 172,8]150,2 279 210, 6183,00 
98,1185,3]180[135,8[118,1]230 211,3/183,7]- 
98, 808 5,911 81 [136,6|1-18,7]}2 3.4 | 212, 1184, 3 
99,6086, 182137, 401 19,432 fl 212, 185, 
100, 4487, 2183138, 1 20, fz 33 |! 213,618 5,6 
101,187,984 138.9 2,734 | 214,3186,2] 
101,9188,6|185[139,6]121,41/235 2851215,11186,9] 
102, 6089, 2186140, 4122, 02361 215,8 18756 : 
103, 489, 9187141, 10122,7[237 |: 7216, 9188, | 
104, 290, 5188141, 91 23,3238 217,4 188,9 
139104, 9 1, 2189142, 6124, 23918 218, 10189, 6 
140010 5, 70 1, 86190 143,4 2404.9 | 218,9 190, 
106, 492,5 191144, 212,324 | 291 219,6 796,9 
109, 203, 10192144, 9/125,9242 220, 4191, 
10), 93,8193 143,726,643 221,1192,2 
108,74, 5194146, 4127, 3244 221, 9192, 8 
109,49951[1951147,21127,9]245 1: 222.9019375 
146110, 20 5, 8196147, 91 28,6246 2234 1942] 
110,9196,4|1[197 [148,7]129,2}247 71224,2 194,8 
111,77, 1098149, 40129, 9/48 224,9 195, 
112,57, 799150, 2 30, 50249 | 225,7 196,1 
113,208,400 (159,131,205 226, 4 196,8 
Tat- Bit. Dep. | Lat ¶Diſt c? Tat. ¶ Biſt. Dep. Diſt. Dep. | Lat. | 
Difference of Lat. and Dep. for 49 Deg 


M 


LOS 


| 42% Difference of Latitude and Departure for 42 Deg. | 
Dep. Diſt. Lat. at. Dep. | Diſt. Lat. Lat. | Dep. 1. Lat. | Dep, 
67,6 151|112,2\101,0 201 149,3 134,50 251 186, 5 167,9 
68, 2 52112, 9101, 7202 1 50, 1433, 1052187, (168, 
68,9153 113,102, 4203 150, 8 133,80 53187, 9 169,3 
69,6541 14, 4103, [ 04161, 536, 5 5418,70 169)9 
70, 2135115, 10103, 7 205 15273-13771 255 189,4 170,0 
6 106 78,7 70,9 150 115,0 104. 200 $360 13760 450 |LyO;2 171,3 
705, 204, 7] 57.2, 338, 10107 79,5 715,0 157 110, 6.105, o (207 153, 8 138, 5/257 190, 17759 
8 05,9 05,4] 58 435,1 38,8 108 * 72,3 138 ab 208 154,5 139,1 2538 |191,71172,6 
9 
O 


g —_ PA 


Diſt. Lat. Dep. Diſt, PT: Dift.| Lat. 
3 


o, 70,7 51 75934, 4101 | 750 
20, 7,0 52133,6134,81 102| 75˙8 
302, 2002, of 5339,45, 5103 
4 935297 54140, 1 36, I [104 7773 
_ $193»7193»3}_55]4249 36.8110 78,0 
104, 5104,0| 56041, 67,5 


06, Job, o 5943, 8039, 5 o ] 81,0 729 159 148, 1106, 4209153, 3139, 80259192, 4173, 
07,406, 7 6044,60, 1 10] 31,7 73,0 160116, 9 107,0]210 11 80,0140, [019325 173,0 
1108, 20%, 4] 6143, 340, 81 11 82,5 74, 31611 19,610,111 [1 50,7 141,2Þ201} 1939 174,6 
1208, 908, o 02146, 1041, | 162120, 3108, 4212157, 5141, 8, 262 194,017 5,2 


——— — — 


112 83,2 74, 
13. 09,7 08,7 63 46,8 42,1113 83,9 73,6 163 12,1199 413 158, 2 1425 263 195,417, 
1410, 409, 6447,52, 8 114. 8437 -76,311164|121,8 109,714 159, 00143, 2264196, 1176, 
| 15|11,1119,0 65 48,3043•5 115 8554 70,9 165 2 611054 L0,4121512.59»7 143.8 205 196,9 1713 
} 16 10, 6649, 044.2 116 86,2] 77,0% 55123, 301 11, 00 161 C0, 544, 5266197, 601770 
1 17 12,611 67 49, 814.4,9 [17 86,9 78,3 167 124,1111,7217 161,2 1207 198, 40178, 
1813,42, 68050, 545,518 87,7] 78,9168 124,8 112402186 161,9 199, 117953 
1914, 112, 691, 346, 219 88,4] 79, 60169125, 5 113.1219162, 199, 80180, 
2014,91 3.4 752, 046, 8½ 20 89,1] 80,3]170}126,3]1 13,72201103,4 200, 61 80, 6 
14,0 712,747,121 89,9 80, 971 1278 114, 422116452 201,3]181,3 
22116, 3114,7] 72153, 548, 2122 90,6] 8 1,614 72 127, 8115, 22241 64, 9 202, 1182, 
2317, 115, 4 7354, 248, 8123 91,4 173 128, 51115,71223 165,7 202, 80182, 
2417, 806, 0 7455,00, 5% 24 921] 83,7429, 316, 42406, 4 203,51193,3 
23118, 616,7 7565.7 123 92,9] $3,6|175|130,0[117,i2251167,1]1 204,3[184,0 
{| 26[19,3]174] 7656, 550, 8126 93,6 84,30 76130, 17,2266, 9 205, 0184,6 
2720, 118, 1 7757, 206 1, 5127 94,3] 88,7731, 801 18, 44227168, 6 203, 80185, 3 
2820, 8018, 7857, 128] 95,1] 85,678 132,21 19, 1228 169,4 200, 50186, 
2921, 519, 4 7958, 752,929 95,8 86,3]47914 33,91 19,7229: 179 207,3 186,5 
3022, 30 0 809,483 5130 90,6] 87,0189 133.212,40 23 0017079 208, o 187,3 
1 313. D, 81 [00,2 131 97,3] 87,6]1811134,5|121,102311171,0 
1 3223, 802 7,4 82 [00,9 5491132] 98,1] 88, 4[182[135,2|121,0]232|172,3 
5 3324, 5¼22, 1 836 1,7 133 98,8] 89,01 83 135.9122, 35 173,1 
1 34 23,3022, 842,456,234 99,5] 89,6184 [1 36,7112 3,11234 [73,8 
i" 35026, off 3,4 8 563. 1056,13 100, 3] 90, 318 5[137,4/123,8}23511740 
1. 3626, 724, 1 86 63,905 7,5136101, 0] 91, 180138, 2124, 42300175, 3 
4 3727, 524, 8 8764, 658, 2137101, 91,70187|138,91125,112371170,1 
38028, 22 5, 4] 88 65,4 188 139,712, 8238176, 8 
3929, 006, 1 8966, 139103, 3J 93, 0189140, 4126, 4239177, 5 
40029,7J26,8 95[65,9100,2}140]194,0] 93,70 ö14, 127,1 240178. 3 
| 41139,5[27-4] 917, ., 9 14 T4, 7 94,3000 141,91127,80241[179,0 
1 42131,2 28,1, 92168,3161,511421105,5} 95,0]192{142,0 128,4112421179,8 
1 43 31,9]29,8, 93199, 12, 2143106, 95˙7ʃ193 143, 4129, 10243180, 5 
44632, 79,4] 9469, 8062, 9 14410, 0 96, 3194 144,129, 80244181, 
4513 3,4139,11 95170,0[63,0[1451197,7] 97,0 195 144,9]1 394512451 82,0 
1 46134,2j30,3| 96 71,3 64, 2146108, 5 97,7]1--01145,0 3h 246 82,7164, 
474,317,497 2, 164, 9 147 109, J 98, 3019 146, 3013 1,8 [247 183,51165,11297[220,0|190,7 
| 48135,7132,1} 9$[72,8}65,6| 148[109,0] 99,0198 147,132, 5248 184,2 163-9298 221,4 199,4 
49036, 432,89 53, 5066, 2149 10,7 99, 99147, 8133, 10249185, oll 66, 602990222, 1200, 0 
53713327 06,9} 150[11 1,4 SAY 200148, 6133,80 [18 5,7]107,3]300! 22300] 
Diff. De Lat. [Dif | ep. > [Tr Di. Dep. Dep. WII . VDiſt.! Dep | Lat. VDiſt.! Dep. Lat. |Dift.| Dep. 


i Hl Difference of "Lat: and Dep. for 48 da 


— 
G 
— 
_ 
— 
\O 


to 
— 
w= 
21 
— 
ON 


296[219,91198,9 


II Oh Vw O' +4 - © ww 


E 


Diſt. 


43* 


Lat. Dep. Diſt. 


50,70, 7 51 
01,4 52 


OI,5 
02,2 
02,9 
03,7 


244] 


05,1 
05,9 
06,6 
2723 
08,0 
08,8 
2945 
10,2 
11.0 


12, 


13,2 
13.9 
14,0 


| 17,6 
18,3 


I5, 
* 
16,8 


17 


Difference of Latitude and Departure for 43 Deg. 


Lat, t. Dep. Diſt. 


3773 
33,3 
38,8 
3975 
10,2 


3449 
3555 
36,2 
36,8 


5147>5 


41,0 
4137 
42,4 
43,1 
+529 
44,0 
4533 
40,1 
46,8 


38,2 
33,9 
3955 
40,2 


41,6 
42,3 
43,0 
43,0 


44-3 


3225 


40,9 


89 

RY: 
| QI 
| 92 
93 
94 
95 


48,3 


71490 


49,7 
50,5 
512 
51,9 
5257 
5394 
54,1 


5479 


55,0 
59,3 
2 
57,0 


60,0 
60.7 
01,4 
62,2 
02,9 
63,6 
64.4 
65,1 

65,8 

(66,0 
67,3 
68,0 
68,7 


09,5 


58,5 
159,2 


45,0 
4537 
46,4 
47.1 


47.7 


48,4 
49,1 
49,6 
50,5 


51,6 
52,5 
231 
3379 
3425 

5572 
5559 
56,6 
5773 
58.0 
58,6 6 
3953 
50, 0 
50,7 
01,4 


31,2 


101 

102 
103 
104 
105 


Lat. 


7370 
74,0 
75753 
70,1 
70,8 


106 
107 
108 


109 


110 


111 
112 
113 
114 
IIs 


7775 
78, 3 
7970 
7957 
80, 4 
81,2 
81,9 
82,6 


Dep.“ (Diſt. 
63,9151 
69,501 52 
70,2153 
70,9154 
26185 


Lat. 

110, 4 
111,2 
111,9 
112,6 
11354 


72,3015 
73501157 
73,6158 
74530159 
75,0160 


I 14,1 
I 14,6 
115,6 
116,3 


117,0 


757101 
76,4162 
77,0163 
77,7164 
78,4165 


117.7 
118, 5 
119,2 


119,9 
120,7 


116 


117 
118 


119 


120 


121 
122 


123 


124 
125 


LY 
— — — 


126 
127 
128 


129 


51130 


131 
132 
133 
134 
135 


136 
137 
138 
139 
140 


62,1 
62, 
03,4 
04,1 
64,8 


141 
142 
143 
144 

145 


Lat. 


96 
97 
98 
99 


5560341010» 


Diſt 


70,2 
7079 
7157 
725,4 
7351 
Dep. 


05,5 
56,2 
66,8 
657,5 
68,2 


14 
147 
148 
145 
150 


| 
t 


Lat Diſt. 


79, 14166 
79,911167 
80,168 
81,2169 
81,8020 
82,5171 
83,272 
83,9 173 
35074 
882 25. 
85,9]176 
86,6 [177 
87,3 1178 
85,0 179 


l 88,611 80 


89,3 181 
90, ol 182 
90,7183 
97,4084 
92,1185 


121,4 
122,1 
122,9 
123, 6 
12453 
125,1 
123,8 
126,5 


127,3 
128,0 


128,7 
129,4 
I 30,2 

130,9 
131,0 
132,4 
I 331 

133,8 
134,6 
13533 


Dep. Eu. 


103, 201 
103,6 202 
104, 3203 
105, [fz0o4 
10 5,205 
00, 44% 0 
107, 10207 
107,71208 
108, 44209 
109,102 10 


—2⁵ 


Lat. 


147,0 
147·7 
148,5 
149,2 


150,7 
151,4 
I 52,1 
152,9 
153,0 


110, 50 12 
111,213 
1118214 
112,5 1 5 


15453 
155,0 
155,8 
150,5 
157,2 


113,20 216 


113,917 


114,502 18 
115,22 19 


115,9 220 
116,6221 


117,3222 
118, oz 23 
118,6224 
119,322 
120, 0226 
120, 711227 
121,42 28 
$24, 4 229 


123,4 231 
124,132 
124,8 233 


125,50 34 
126,223 5 


9 


138,0 
158,7 


1595 
1 


160,9 
161,0 
162,4 
163,1 
163,8 
16470 
I 65,3 
166,0 
166,7 


167,5 
168,2 


168,9 
169,7 


171,1 


92,7186 
93,4187 
94,1 188 
94,814139 
95.5019 


136,0 
136,8 
137¹5 
I 33,2 
1 39,0 


126,812.36 
127,512.37 
128, 2238 
128,92 39 
12.9, 51-40 


172,0 
173573 
174571 
174,8 
12825 


96,2191 
96,8192 
9154093 
98,21194 
= 195 


13927 
140,4 
141,1 
141,9 
142, 6 


130, 20241 
130, 9242 
131,602 43 
132,30244 
13350245 


170,3 
177, o 
17757 


12972 


170, 4 


171.9 


178,4 


Dep. |, Lift. 


137,10251 
137571252 
138,453 
139,10254 
139280255 
140, 5/256 
141,212 57 
141,8]}2 58 
142,512.59 
143, 2260 


Dat. L Lat. 


183,6 
184,3 
18 5,0 
185,8 
186,5 


Dep. 

171,2 
171,8 
17235 


187,2 
187, 
188.7 
189,4 
190, 1 


9117 532 


] 


17455 


17579 
176, 6 


17773 


143,961 
144.52 62 
143,20263 
145.9264 
146,665 


191,6 
192,3 
I93,1 
19378 


147,3 ny 
148, 0267 
148,268 
149, 3269 
150, oſꝛ 70 


194,5 
195,3 
i 96,0 
196,7 
197,5 


190, 9 


I 78,0 
178,6 
179,3 
1 80,0 
1 80,7 
181,4 
182,1 
182,7 
183,4 
184,1 


130,271 
151, 4272 
152,102 73 
152,72 74 
I 5344 
154,127 
I 54811277 
15535 278 
I 50,2 279 
156, 880 
157,281 
158, 2282 
158, 9283 
I 59, 51294 
160, 228 5 


219] 


198,2 
198,9 
199,7 
200, 4 
201,1 
201,9 
202, 6 
203,3 
204,0 
204, 8 
205,5 
206, 2 
207, o 


2077 


160, 9286 
1616287 
162, 3288 
163, 02 89 
16376 290 
164.3 291 
165,292 
165,793 
66,4294 
167,1 


99,5196 
100, 2197 
100, 9198 
101, 6199 
102720 


14353 
144,1 
144,8 
145˙5 
146,3 


31133,012 40 
1 34,3}-47 
135,248 
13557249 
1 30,4112. 50 


Lat. Diſt. 


Dep. 


Lat. WDiRt. 


179,9 
180, 6 


182,1 


181,4 


182,8 


167,7 
168,4 


169,1 
169,8 
170,5 


298 
299 


Dep. 


Tat. 


29521 
296 
297 | 


$09 
Out. 


208,4 


12911 


186,8 
187,5 


17372 1 
) 1359] 


—_ 


_ 


184,8 


185,0 
186,2 


188,2 
188, 


190,2 
1 90, 


193, 
193,6 
19443 
195, 
195,7 


197,1 


198,4 


21 8.7 ig 
219,41204,6 
Dep.] Lat. 


Difference of Lat. and Dep. for 47 Deg. 


189,5 


191,66 
192,34 


196,44 
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44. Difference of Latitude and Departure for 44 Deg. _ 


— Lat. Dep. ¶Diſt.] Lat. Dep. 


2 


01,40 I,4 | 
02, 102,1 


o2, 902, 80 
85 


03,0103, 


5004, 3004, 2 


05,0 94,9 


1 [00,7 0,7 51 513657 


52 
13 
54 


56 
57 


 66147,5145,8 
- 67 48,2 45,5 
68 48,9 47,2 
49,0 +759] 
50,4148; 64 


37,4 
38,1 
38,8 


39,6 


3574 
36,1 


3775 
38,2 


36,8 


Diſt. 


Lat. | 


101 
102 
103 
104 
105 


40,3 
41,0 


41,7 


43,2 


425,4 


39,6 
405,3 


41,7 


38,9 


57.0 


106 
107 

108 
109 
110 


„ n 


4379 
44,6 
45,3 
46,0 
46,8 


51, 1 


51,8 


14254] 


5372 5 1,4 
_75153»9[52,1] 


43,1 
435 
44,5 
45,1 


111 
11112 


114 
115 
951760 


119 
120 


49,3 
50,0 
50, 


121 
122 
123 


124 
125 


— 2. — * 


52,8 
3,5 
502 
559 
55,0 


57,0 


56,0131 


5757 
58,3] 


126 
12 7 
128 
129 
130 


137 


3957 
60,4 


59,0] 


61,1 | 
61,8 
62,5] 


Lat. 


9601730 


11718 
21180 


72 0 
7374 
1441 
74,8 
1525 
76,2 
11,0 
17>] 
78,4 
1941] 


79,8 
0,6 


70, 
70,0 
71,5 
7252 
72, 9 


Dep. Diſt.] Lat. 


151 


153 
154 
155 


81 

9270 
82,7 
83.4 
840 
84.7 


85,4] 
86,1 


959 86,8 


| 93,8 


9772 


97,5 
177 


88,2 
88,9 
89,6 
90,3 
91, of 
91,7 


| 92,4 


2 


945] 
95 
95,9 
7 


9779 
98,6 


99,3 


I 00,0 
100, 7 


101,4 
102,1 
102,8 
103,50199 
104.2200 
Tat. 


156 
87 
158 


159 
160 


161 


811162 


167 
168 
69 
170 
171 
172 
173 
174 
1175. 
176 


178 
179 
1180 
181 
182 
183 
184 
195 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 


Dift. 


108,6 


109, 3 
110,1 


110, 8 


111,5 


112,2 


L 13,6, 
114,4 


115,1 


/ 209 
111, 102 10 


113,8 
116,5 


117,2 


111,82 11 
112, 502 12 
113,22 13 


118, 0113,92 14 


118,7 


1 


120,1 


120, 8 


121,6 
122,3 


123,0 
23,7119, 5 


114,015 
415,316 


116,02 17 


116,718 


1175 219 
118,1 


151,811 46,6! 
152,51147,3 


153,2 
1535 
154,6 


147,9 


15574 
156, 1 


156,8 
15755 


I 58,2 


——ͤ — — 


118,8221 


222 


124,120, 2223 
125,21 20, 9224 


127, 


128,0 
128,8 
12955 


13072 
130,9 


131,6 
132,4 


1331 
133,8 


135 
1 35,2 
1 35,9 
3052 
137.4 


138,1 


138,8 
139,5 
140, 3 
141,0 
141,7 
1425, 4 
4 4371 


143˙0 


12 5,9]121,01225 
126,6|122, 1226 


122,9]227 
123, 6228 


124.3029 


125,231 
126,432 
127,133 
127,8234 


129,2 

129,9 
130, 6 
131,3 
132,0 
132,241 
133,442 
134, 10243 
34,8244 


237 


239 


136, 1246 
136,812.47 
137,548 
138,249 
138, 95 


Dep. 


Lat. [Diſt. 


161,8 


159, 


15957 
160, 4 


161,1 


1252930410 


128,5 235 
223601 


238 


240 


35.424.25 


162, 


173,00299 
I 73,0, 300 


Lat. Dit. ; 


Difference of Lat: and ind Dep. for r 46 Deg. 


= 


"25 Difference of Latitude and Departure for 45 Deg. Y 


y Diſt | Lat.[Dep. Diſt. Lat. Dep.||Diſt.} Lat. | Dep. Oiſt. Lat. | Dep. Diſt.] Lat. | Dep. — Lat. | Dep. 
8 100,7 oo, 7 51036, 1036, 1101 71,4] 71, 44151 106, 8100, 8020 10142, 142,1 251 I 77,5117755 
0 201,401, 4 52136, 8036, 8 72,1] 72, 10152 10%, 510, 502142, 8142, 80252178, 2178, 2 
7 32, 102, 0 53137»5137»5' 72,8 72,8153 108, 208, %½ 03 143, 5 43,5 53178, 9 78,9 
8 402,8 o2, 8 54138,2138,2 73,5 7351154 [108,9]108,9j204 144, 2144, 202 54[179,6[179,0 
1 2328 03,5 I. 38,9 38,9 742 7452 I55 109,6 109, 0% 205144, 9144, 9 255 180, 3I1 80, 3 
8 004, 204, 20 639,639, 74,9 74-91 56 110, 301 10, 3206145, 7145, 256181, [8 , 
s 74, 904,9 5740, 340,3 75,7 75,57 [111,001 I, o z07 146, 4146, 4257181, 7181, 
of 1 805, 705, 58 47, 4, 108] 76,4] 76, 41588111, 11,7208 147, 1147, 102 58182, 4182, 4 
0 9%6, 4%, 4 59 [415714171309] 77•0 775111 59 (40 124½09 147,8 14700 2390183, 10183, 
6 10 [97,1]P7>1 60 42, 442, 4110 779 7150 160 113,1]113,1]1210|149, 5[149,5 2601183,81183,8 
p 11197,8[07,8 61 431 43,1 78, 5 78, 50161113, 8113, 82 11149, 2149, 20261184, 5/184, 5 
> | 12 08, 51085 6243, 8043, 8. 79,2] 79,2 182 114, 51 14,52 12149, 91 49, 92 62183, 318 5,3 
7 1309, 209, 2 6344,45 79,9 79,6115, 301 15, 30 130150, 6 50, 663180, oll 86,0 
4 14j09,9199,9]] 6445, 3045, 3114 30,6] 80, 6164 16,001 16, oz 1415 1, 30151, 3264186, 7186, 
0 _15110,6ſ10,6]_65146,0]46,0t15] 81,3] B1,3]|1651116,7]116,71215|152,01152,002651197,41187,4 
b 16011, 311,3 6646, 746,16 82,0] 82, 01661 17, 41 17, 4 16132, 152, 7266188, 1188, 1 
| 17|12,0]12,0} 67 4741474 | 82,7 82,7 167 118, 1/1 18,1 217/153, 41 53,4 267 188,801 88,8 
f 1812,12, 6848, 148,1 83,4 83, 4168 118, 801 18, 82 18154, 1014, 10268 189, 5189, 
5 1913, 413,4 6948, 8048,8 84,1] 84, 169119, 119, 52 19154, 801 54, 8269190, 2190, 2 
| _20114,1114,1 _ 79149, 5149-5 84,8 8458 1701120, 2 120,2 220 195,6 155,6 270190, 9 190,9 
| 21 14,8014,80 7150, 250, 85,6 85,6][171|120,9]120,9]221]1 56,3]1 56, 371191, 191,6 
[. 2215, 615, 6 7250, 9050, 9122 86,3] 86, 3172121, 6 121, 6222137, 0 157, 0272192, 3192, 3 
9 2316, 3016, 3 7351,65 1,6 123] 87,0] 87, of 73 122,3]12293 223 157, 7157, 273193, 00193, o 
k 24 7.97.0 74452,352, 3 87,7] 87.774023, 0123, 0% 24158, 41 58, 4274193, 793,7 
| 25117712 7»7_1515 3915320 88,4] 85,4175 [1237 1235412251159: 11159, 1275119441944], 
, | 2518, 418,4 7653, 73,7 89,1] 89, 1176124, 4124, 42 2619, 8 59,8 2761193, 219,2 
2719, 119,0 77154-41544 89, 8] 89,8177 125,2[12 5,2 227160,51160,512771195>91195,9 
| 28119,8119,8]| 7855, 20 3,2 90, 5 90, 578125, 91 25,9 28 161, 161, 278196, 196,6 
J 29120,5120,5]} 791555915529 91,2] 97,2079 126,6]126,61229]161,9]161,9]12791]197,3 197,2| 
: 39[21,2]2 1,2 80 56,6[56,6 ' 91,9] 91,9]180[127,31127,30/230 162, 6/162, 6280198, 0[198, o 
1 ' 31|21,9/21,9] $1157,315 92,0 92,6 181128, 00128, 031163, 3 163.3028 10198, 7198, 
- 3222, 622, 6 8288, 058,0 93,30 93,3182 128, 7128, 7232164, 01 64,0 282199, 4199, 4 
li 3323.33, 3 $3158,7]58,7 94,0] 94, 0183129, 129, 4233164, 7 64, 7283200, 100, 1 
. 34[24,0]24,0] 8459, 459,4 94,7] 94, % 84/130, 1130, 10234165, 51 65, 52 84/200, 8 oo, & 
-35124,7124>7_$5100, 1160, 1) *95,5| 95,511185]130,8]1 30,8235 166,2 166,2 285]201,5]201,5| 
36 255 50 5,5 8660, 8 60, 8 96,2 96,2 186131, 5131,52 36166, 9166,92 860202, 2202, 2 
| 3720, 26, 8761, | 96,9] 96,9187 [132,2]132,2]237 [107,0]167,61287 |202,91202,9] 
3826,90 26, 9 8862, 2 97,6] 97,6188 132, 9132, 9238 168, 3 168, 30288 203, 6203, & 
;  39127,6]27,6\ 8962, 98,3] 98,31-39]133-61133-0]239[109,0[169,012891204,3]204,3 
Il _40128,3/25,3] 9916316 99,9] 99,91199113431134:312401199971169,71299|205 129527 
| 41 29,0]29,0, 91164,3 9997] 99,7119101 351113511241 170,411 70,4 2910203, 80203, 
ö 42 29,7 29,7 92065, 1 100, 4100, 4192 1 35,8113 5,8242171, 1171, 10292206, 5206, 5 
4330, 4 30.4 93105,8 101,10101, 10193136, 50136, 5243171, 80171, 80293 20%, 220%, 
| 44031, 103 1, 0 9466, 101, 86101, 80194137, 213 7,2244172, 5172, 5294½207,9 20759 
| 45 31,8]31,8 95107,2 102,5[102,511951:37>9 137,9]245 [17 3,2]17 3421295 208,01208,6] 
| 4632, 032,5 9667 103,163,296 138,61 38,6 4673, 9173, 9296209, 309, 3 
| 4733, 233,2 9768, 103. 9,103, 9197 139, 301 39,34) 74,6 74, % 97 ½ 10, 0% 10,0 
| 48133,9133-9]] 98 69,3 104, C104, 698 140, o. 40, o. z48 |17 5, 7 f, 4% 98 fa 1047]210,7 
| 4934.63 4,6 99170,0 | 105, 4105, 499 140, 74, 249176, 960 299211, 42 11,4 
| | .9® 35543554 100 70, 770,750 106,1 106, 1 200141, 4141, 4 250 170,8 176,8 3001212,1 1121 
Diſt Dep.] Lat. Diſt. Dep. Lat. Oiſt. Dep. Lat. Diff. Dep. Lat. [Diſt.] Dep.] Lat. Bit. Dep.] Lat. 


—— 
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| - I Difference of Lat. and Dep. for 45 Deg. 
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Of the ANGLES which every Rumb, or Point, and Quarter Point of the 
Cor Ass, makes with the Meridian. 


7 | a | Hours. 
INORTH & SOUTH], Few. Þoints| d. m. NORTH & SOUTH Ir 
| 1. 2. Zo | 4. | LY 6, 7. ö 8. 
| Of | 2.484 | 
| o＋ 6.372 
| H. o 8.262 H. 
N. bE. S. bW * 1 11.15 S. bE. N. bW. 114 
; | 17 | 14. 32 I 
> | | I+ | 16,52+ | 
Iz | 19.41% | 
N. N. E. S. S. W. 12 2 [22.30 | S.S.E, N. N. W. | 10+ 
| | 2+ | 25.184 


| 2+ . 74+ 
| 24 30. 56 | f 
N. E. bN. S. W. bs. 21 | 3 | 33-45 |S.E.bS. N. W. b. 94 


| | 37 | 30-333 | 


| 2 39.227 | 
3+ | 42-11% | 
N.E. S.W. 3 | 4 | 45.20 | SE. . 
. 8 47 47.484 El 
| + | 50-37% 3 
| 4+ | 53-264 | 
N.E.bE. | S.W.bW.| 334 5 | 56.15 |S.E.bE. IN. W. bW.] 84 
| + | 59: 34 

| 5+ | 01.624 

264.411 


EN.E. |W.S.W.| 4: | 6/30 [E.SE. W. N. W.“ + | 
| DE 67 | 70.1842. 


5 1 93. 3+ | 
E.bN. W. bs 584% Nbs. | war 62 
| £.DN. 1 3 7 | 78.45 DS. DN. | 2 
© 81.334 
24 84.22 
8 87.114 | 
W. 6 i 90.00 E. W. 6 


Note. The time in the zd column, when adapted to the bearing of the moon, as in 
the 1ſt col. is after midnight; but her bearing, as in the 2nd col. is afternoon. Alſo when 
the moon bears as denoted in the 6th col. that the time is reckoned from midnight, as in 
the 8th col. or in hours (A. M.) of the morning; but her bearing, as in the 7th col. to be 
xeckoned in time, in the 8th col. afternoon. : 

Whence the bearings of the moon, in 1ſt col. are reckoned in time after midnight in col. 3d. . 


Do. in the 24 are reckoned in time after mid-day in the 3d. 
Do. in the 6th are reckoned in time after midnight in the 8th, 
Do, in the 7th are reckoned in time after mid-day in the 8th. 
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The USE of the TRAVERSE TABLES, or Table of the Diffe- 


rence of Lat. and Dep. for each Point and quarter Point of the 
Compaſs: Alſo of the Table to each Degree from the Meridian. 


HE firſt page of the firſt table contains the difference of latitude and departure for 
courſes made one quarter of a point from the Meridian, towards the Eaſt or Weſt; and 
for diſtances from 1 to 200 minutes, or geographical miles. 

Remark. There are three places of decimals in the diff. of lat. and dep. columns, to the 
diſtance of 100; theſe are done for the purpoſe of finding the diff. of lat. and dep. correſ- 
ber to large diſtances, or to find the courſe and diſtance from the diff. of lat. and dep. 

ing given. 

Ex. 4 Suppoſe a ſhip ſail E. N. E. 987 miles: How many minutes has ſhe differed her latitude, 
and what departure has ſhe made ? 
lat. dep. For againſt 9 is 3,444 lat. and 8, 315 dep. whence 
Thus ENE. goo” | 334, 4 831, 5 by adding two cyphers to the 9, it —— goo, and 
a 33-3 | 80,4 the lat. and dep. will then become 334, 4, and 83 1,53 
The ſum 987 | 367,7 | 911,9 that is, for every cypher added to the diſtance, you are 
w — to make that number of places of the decimals in the 
lat. and dep. columns, whole numbers. And in like manner, if the diſtance given had been 
9879 3 then the diff. of lat. would be 3677, and the dep. 9119. 
x. 2. Suppoſe the difference of latitude between two places be 796 miles, and the courſe 
N. E. by N. + E. What is the diſtance, and what the departure? 

Find the courſe, and under it in lat. column, I find 796, 2, and 653, 4 dep. Now the lat. 
being , 27 more than that given. I look what lat. 1 mile of diſt. gives, and find it to be near 
8 4 a mile ;—therefore I find the diſt. is 1027 miles.“ Note. We ſhall in general take the 
neareſt number of whole miles, for diſtances ; as taking parts of a mile, is trifling, and can 
anſwer no purpoſe in the art of navigation. 

The table of points and quarters, is to work the courſes and diſtances failed : And the table 
of degrees, from 15 to 4.5? at the top of the table, and from 45? to goꝰ at the foot, is to find 
the courſe and diſtance made good each day; as alſo for finding the longitude made, agree- 
able to the dead reckoning, or account, from day to day; alſo for a number of days; the 
whole of which will be fully ſhewn in the Journal of a Voyage towards the Weſt Indies, 


The further USE of the TRAVERSE TABLE. 


HIS table is uſed to find the latitude and departure made by the ſhip on each different 
courſe, by having given the courſe corrected, and the diſtance ſailed. Alſo when ſeveral 
courſes and diſtances are given, you may find the latitude and departure made with them, by 


adding the latitudes of the ſame name together, and the departures in like manner; but if 


ſome of the latitudes, or departures be of different names, then the difference of the lati- 
tudes and of the departures will be the difference of latitude and departure made, by failing 
that traverſe. | 

Note, That a marine mile, or a minute, is the ſame with a geographical mile; 60' to 19. 

Ex. 1. A ſhip failed from the lat. 50. 10 N; W. S. W. 188 miles: What diff. of latitude 
and departure has ſhe made ? 

By the traverſe table over W.S.W. and againſt 188 diſt, is 71,95 d. lat. and 173,69 dep. 
Whence the ſhip has differed her latitude 72 miles, or 19. 12“ S. and ſhe has departed from the 
meridian 17 3,7 miles, which may be called 174 miles = 29.54' W. becauſe when the firſt 
place of decimals exceeds „5, then 1 may generally be taken for it, and added to the figure in 
the place of units : But if it be leſs than ,5, it may be caſt off, | 


Note, 

„ Thus, If 7,7 lat. gives 10 diſt. then 2 lat, will give 2,6 diſt, Hence from 1030,0 ; g 
As 10: 6, 3 dep:: 2,6 diſt.: 1,6 dep. Take 2,6 
Which ſubt. from - 653,4 True diſt, 1027,4 


True departure 651,8 W. 
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8: 
Note, To operate in all reſpects with departure, as directed in p. 28, for lon, (See Geography,) 
The lat. of the place a ſhip failed from 309. 10 N. which is generally called the lat, from, 
The lat. made is 1 12 S. or diff. of lat. 


The lat. the ſhip is in, is 48.58 N. or lat. in. 


Here follow the SIX CASES of PLANE SAILING. 


Caſe 1. The Courſe and diſtance given, to find the lat. and dep. made. Suppoſe a ſhip 
failed W. bN. + W. 450 miles: What lat. and dep. has ſhe made? By traverſe table over 
7: points, and againſt - _— - - - 150 is 14,7 and 149,28 

. Times — 3 * 3 SRI * 3 


Diſt. 450 lat. 44,1 dep. 447, 84 


Hence ſhe has differed her lat. 44 miles N, 
And ſhe has departed from the meridian. 448 miles = 75. 28“ W. 


Caſe 2. The courſe and difference of latitude given, to find the diſt. ſailed and the dep. made, 
A ſhip ſailed E. S. E. + E. till ſhe differed her lat. 29.2 5' S. What diſt. and dep. has ſhe made? 
By trav. tab. over the col. 65 points, and againſt the diff. of lat. 145 or 14, 5 is 40,48 
dep. and 43 diſt. which numbers multiplied by 10 give the diſt. 430 miles, and the dep. 
404, 8 E. which. is nearly true; but a correction may be made as follows. 
8 5 Dep. Lat. 


* 


wo -. 440 404,85 | 144,87 
Correction add - 230. . 134 

| 439,39 | 405,22 | 145,00 | 
Note. When the correction applied to make the given number is additive, the others are 
alſo additive; but when the correction is deductive, the others are alſo deductive. 
To make the correction. Apply a quantity to the neareſt numb. in the table, to make the 
fame as the number given; find that number of correction in its proper column in the table, 

or the neareſt to it, and in the other columns will be the numbers of the correction. 
Anſwer. She has failed 430, 4 miles; and ſhe. has departed from the meridian 405 miles E. 


Caſe 3. The courſe and departure given, to find the diſtance and difference of latitude. 


Suppoſe a ſhip fail S.E.bs. + E. till ſhe make her departure 1%. What diſtance mult ſhe fail, 
.and what difference of latitude make ? 


| | 9 Lat. . Dit. 

Ey the table under 3+ points, I find in dep. col. 60, 268 | 73,435 | 95, 
Correction ſubtract - 5268 325 42 
Gives - »- 0, oo0 73, 110 | 94,58 


Anſwer. She muſt fail 94358 miles, and ſhe will then have differed her lat. 73“ S. 


Caſe 4. The diſtance and the difference of lat. being given, to find the courſe and dep.. 
Suppoſe a ſhip ſailed from Funchal Bay (the S. E. part of Madeira, its lat. 329.34'N.) 376 
miles, and differed her lat. 29. 50 S. What was her courſe, and what dep. has ſhe made? 

60 
or 170“ South. 


By table, find 2 the Giſt. 188, and + the diff. of lat. 85, in the proper columns; and you 
will find the courſe S. 637 E. or S. 639 W. and her departure 33 5. 


Remark. In this caſe there ſhould have been given, the quarter that the ſhip failed in; 


without which the quarter ſhe ſailed. in cannot be determined. 


Caſe 5. The diſtance and dep. given, to find the courſe and diff. of lat. the ſhip has made. 
A ſhip failed from the Cape of Good Hope 500 miles, and ſhe departed from the meridian 


of the ſaid Cape 2 50 miles Weſt ; What courſe had ſhe failed, and what difference of lat. 


had ſhe made ? 
Ad VIC By 


(49) 
By the table, 5; and 25 being found in their 


i 


columns, give the courſe S. 30 W. or 


N. 30” W. and either courſe made gives the difference of lat. 433 miles: Whence if ſhe 


failed in the N. W. quarter, her courſe was N. 


30 W. and ſhe has differed her lat. towards 


the North 433'= . 13 N. But if ſhe failed in the S. W. quarter, ſhe has differed her lat. 


75. 13“ &. 


Caſe 6. The diffrrence of lat. and the dep. being given, To find the courſe and diſtance. 
If a ſhip fail in the S E. quarter till the differ her lat. 5. 40“ S. and dep. from the meridian 
of the place failed from 105. 10 E. What courſe and diſtance did ſhe all? 


$40 = 240" lat. } Which gives the courſe S. 61* E. diſt. 698 miles. 


10 .10 = 610 dep. 


To correct BEakinGs taken, or Couxs Es ſteered, by a Compaſs which 
varies a given Number of degrees, or whoſe Variation is known. 
f. 1 Ab. variation be Weſt, reckon that quantity towards the left hand of ſuch courſe of 


ng, and you will have the courſe c 


ed. 


2. If the variation be Eaſt, reckon that quantity towards the right hand of the courſe 


ſteered, or bearing taken, and you will have the courſe corrected, 


variation. 


To c the COURSE by LEE-WAY. See p. 34, def. 7. 

3. If the lee-way be made towards the meridian, take it from the courſe ſteered, and you 
will have the courſe made by the compaſs : But if the lee-way be made from the meridian, 
add it to the courſe, and you will have the courſe made. 

4. Otherwiſe, When the lee- way and the variation are both to be reckoned the ſame way, 
then apply their ſum to the courſe ſteered ; but when they are to be applied contrary ways, 


then 
and variation, or c 


ee e. to the courſe ſteered, will give the courſe corrected, by lee-way 
e made. 


fl he Courſes ſteered, the Lee-way, and the Variation bein given, To find the Courles made, 
| or the true Courſes in reſpect to the Meridian. 


Courſes . e-ſVaria- | Courſes 
ſteered. | Wind. way. tion. | correc. 
N. W. IW. N. N. E. * | +W.] N. sz W. 
i W. N. N. W. 2 —ũ—jä— S. GW. 
W. S. W. 8. 1 — 8. GW. a 
W. S. S. W. ; — W. 
| W bN, N.bW. I — S. 7 . 
$: SW. | W.NW 12 — S. 142 W. 
8. W. S. W. + | 13 W.| 8.8. E. 
8.8. W. W. i | — 8 2E. 
S. W. N. W. bW. | 4} — IS.S. W. W. 
W. | $SW. 4 — [W. b N. ZW. 
W. b. N. bW. 1 — [W.S. W. ZW. 
8. E. S. E. 2 — S. ZW. a 
E. bS. S. E. | — E. b. 
E. N. E. N. 144 — [E. N. E. E. 
E. N. 4 — E. bN 2E. 
1 E. S8. S. W O 3 E. N. E. 2E. 
E. 8. E. 4 | 14 W. S. E. E. 
E. S. E. N. E. 4 ud E. bS. E. 
M. S. W. | 8. 114 — S. V. bW. 
W. bN. S. W. bs. |: | — | W. N. 
N. W. W. S. W. 1 — [N. W. ZW. 
„ 4 WAW. 1 x- o K. 8. J K. 
N. bE. N.W.bW.| + | E. N. N. E. ⁊ E. 
N. W. IN. W. bs. It 1 E.] N. IW. 
N. W. b W. | N. b. 14 | 12 E. NMW by ZW. 
W. „S. N. W. b N. 14 EI W. 28 


Remark. When you fail in a channel, or along a 
coaſt, in a tide or current, particular care muſt 
be taken of it, ſo as to take its ſet tor a courſe, and its 
drift for a diſtance ; which muſt be entered among the 


courſes and diſtances in the table of that day's reckon- 


ing. And where the ſetting of the tide and the drift 
are not known, you muſt attain the point it muſt ſer 


upon, both of the flood and the ebb, from the charts 


of the coaſt you are failing along, by the times of 


high water, at different places on the coaſt, and 
by the mechanical principles of fluids, acting againſt 
ſuch coaſts, rocks and ſhoals, ſand banks, &c.— 
By a ſtrict regard to theſe, both the ſet and the dritt 
may be nearly obtained. 

1. A current, or tide, is a progreſſive motion of the 
water, which cauſes all floating bodies to move with it. 

2. The ſetting of a tide or current, is that point of 
the compaſs toward: which it runs. 

3. The drift, is the rate it runs at in an hour, and 
ſo en from hour to hour. 

4. The ſetting and drift of currents in general, are 
pretty well known ; but where they are not known, 
they may be nearly obtained by the following cuſto- 
mary method. 

Let 3 or 4 men take a boat to 40 or ca fathoms from 
the ſhip; and by a rope, faſtened to the ſtem of the 
boat, let an iron pot loaded down into the ſea, to the 


depth of 70, 80, or more fathoms where the depth is 


reat, and the boat will by it ride as at anchor; then 
cave the log, and the number ot knots run out in half 


a minute, will be the miles the current runs per hour, or the drift ; and the bearing of the log trom the boat, 


is the (ct, or courſe of the current, 
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ComreounD CouRSEs, commonly called TRAVERSE SAILING, 
SHIP took her departure from the Lizard, which bore N. N. E. diſtance ſeven leagues ; 
ſhe then ſailed by a compaſs which varied two points W. the following courſes, 

to wit. S.S.W. 56 min S. W. 97, W. 100, S.bE. 196, and S. E. bs. 137. What dif- 

ference of latitude and departure, courſe and diſtance, has ſhe made; and what latitude 

is ſhe in? | | 7 * {a 7" 

The Lizard bore N. N. E. from the ſhip, therefore the ſhip bore from the Lizard S.S.W. 
diſtance 21 miles. And becauſe the variation of the compaſs is 2 points W. or the 
magnetic meridian 2 points W. of the true North; that is two points towards the left hand, 
conſequently, to correct the above courſes, we muſt reckon from each courſe ſteered two 
points towards the left-hand, as under : 


Traverſe Table. 


Courſe ſteered. | Courle corrected, | Diſt. | S. | E. | W. | 

; S. S. W. | 8. f | 77 77,0 — | — ä 

; S. W. 8. S. W. | 97 89,6— | 37,1 

| W. W.S.W. | 100 | 38,2| 92,4 

S. bE. | S. E.bS. | 196 163,0 108,9 —— 

"0 S.E.bS. S.E,bE. I37 | 76,2 [113,9 | — 

| Miles.[444,1 j222,8 [129,5 | 

| ; — — 129.5 q 2206 1 
Made good from the Lizard S. 12 E. == r 


The latitude of Cape Lizard is - - 49. 5% N. 
The latitude made, or difference of lat. is 7 24 8 
The latitude the ſhip is in, is - . - - 42 33 N. 
Solution by Conſtruction, 40 Scale. See Fig. 13. 

1. Deſcribe a circle; draw the meridian, and the Eaſt and Weſt line through its center. 

2. Set off from the rumbs, the different courſes the ſhip has made, which number in the 
order as they were made, 1, 2, 3, &c. 1 | 

3. From the center ſet off the diſtance failed the firſt courſe (by laying a ruler on the point 
A, which repreſents the place ſailed from, and on 1 in the circumference) draw that diſt. 

4. Take the ſecond diſtance in the compaſſes; lay the parallel ruler on the center A, and 
on 2 in the circumference, and move one ſide of the parallel ruler till it cut the point of the 
beginning of the ſecond courſe, and then ſet off the diſtance from that point, the way of 
the courſe. 

5. Take the next diſtance in the compaſſes; lay the ruler on A, and on No. 3, then move 
one ſide parallel to that direction till it cut the point of the beginning of the following courſe, 
and ſet off the diſtance failed that courſe, draw it, and fo proceed till all the diſtances failed 
on the different courſes are done. 5 8 | | | 

Laſtly. Draw a line from the place of the ſhip at the end of all the courſes failed, to A, 
and another line draw perpendicular to the meridian, and you will have a triangle by which 
the difference of latitude and departure, courſe and diſtance made good, may be *** 


| P R O B I. E M II. 2 
A ſhip took her departure from Cape St. Vincent, which bore N. E. E. diſtance aſſumed 
five leagues, the variation of the compaſs 14 point W. and ſhe ſteered the 9 fol- 
45 . lowing, 
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(un) 
lowing, N. W. bW. 89 ; N. W. rob; W. N. W. W. 63 W. bN. 140; W. 70 > S. W. ds. 
45; NS. W. 293 S. W. 1473 E., S. 110; N. bE. E. 37. What courſe, diſtance, diff. 
of laticude and departure has ſhe made from he Cape; and what latitude is the in? 


4 * 


= Courſe ſfeered. Corrected. Diſt N. | S. E. . 
$ fromthe Cape 1 'S.W4W. |. S/W.bsS. [15 | — 125: 97 
; * 8 2 | N.W.bW. W. N. . 59 | 17,1 — RO: * 
3 3 N. W. N. W. bW. W. [oo | 47,1] —— 88, 2 
= | 4 | W.N.W.,zW. CV. 76 — —| —| 760 
| 5 W.bN. W.28. [149 | — 13,8 ——|188,8 
| 5 W. WS. W. IW. | 70 | — 20,3 — 67,0 

ff ang 7 | S. W.bs. [ SbW3W. [45 | — 441 | — 1942] Fig. 14 
8. S. W. S. TW. 29 — 128,9 —— 2,8 
9 | S. NW. 5 1147 — 144,2 28,7— 
10 E.: S. E. b. 110 21,5 — 1079 nm 
?“ I $A dt es 57,0 — - — 
142, 7262, 8136,66 450, 1 
r ee —1— 142,7 — 136, 6 
Made good S. 699 W. 340] — 120, 1 — 313, 5 


4 


OBLIGUESAILIN G. 


1 IS kind of failing is to be uſed only when you are within ſight of land. The me 
thod of application is to take the bearing of one or more objects on the land when 
your ſhip makes little or no Ma and to note the time; and after having ſailed a convenient 
diſtance, which let be about the ſame diſtance as the furtheſt object on land was or is from you; 
then heave the log, and take the bearing of the ſame object or objects, and note the time 
you failed between the obſervations; by which you muſt find the diſtance you have ſailed in the 
elapſed time, and you will then have one fide of an oblique angled plane triangle, and all the 
angles; to find the other two ſides, which will be the diſtances from the object at the firſt and 
ſecond times of ſetting it. 1. edles 01 

Ex. 1. A ſhip coaſting along ſhore, at 8h. 30“ A. M. the Maſter obſerved a wind-mill 
to bear N. E. bN. the ſhip failed N. W. W. 4+ knots per + minute; and at gh. 30“ the mill 
bore E. N. E. E. What diſtance was the ſhip from the mill at each time of ſetting it? 


Anſwer by Projection. 


= The ſhip was from the mill at the firſt time of ſetting it - - 5,87 | Miles Wt 
i At the ſecond clitto — 2 2 = BT ID x — — 6,95 1 | 1 
. Ae 50 By che Figure. 33 1 
A, the place of the ſhip, where the firſt bearing was taken; AN the meridian; B the 14 
place of the ſhip, where the mill bore E. N. E.: E. at 4, 5 miles from A. 1 
The 4 NAM= 3 pts.] Ns, the meridian of the ſhip at her ſecond ſtation; 1: il 
The 4 NAB SA The 4 NBM 6; pts. | ba. 1 
The Z BAM ) = The SBA =4r | | Fig. 15. | | 14 i 0 
3 The ſum 11 pts. which . | . 
ſubtract from 16, and there will remain 5 points equal to the 4 ABM. For the three angles Wes | 
are equal to 16 points. Hence 16 — 122, the ſum of the angles A and B, gives the angle at q, ql | 
M= 236; points. 52 ; I bon noon 1 11, | "I 1717 nf i 4h 
Extend from SR to 5 pts. which will reach from 4, 5 to 5,89 = AM. 18 g 
Alſo 32 to 74, which will reach from 4,5 to 6,95 = BM, the diſtances ſought, + | 5 
By Trigonometry, AM is = 5,998 Miles. 4 
1 
135% 
Fill 
{50} ; 


—_— 
- 


Fig. 15. 


Fis. 17. 


( 82 ) ix 
Ex. 2, . Coaſting along ſhore, I faw two ca l of ths Beſt was 
N.bW. and he oa S. E. bs. E. we failed W. S.. i en the firſt bort 
er 


N. 380 E. and the ſecond E. 30 Southerly : Required the — ECG 
from each other, — 
Solution by Conſtruction. 
The capes A and B, bear N. N. W. W. and S. S. E. 4 E. don exh ee. diftance 8,4 miles, 


| Conſtruction. 

Let C, be the place at her firſt ſtation, and D her place at her FRY C1 the poſition of 
the firſt cape, and C2 of the ſecond cape ; Ca, C5, the bearing of the capes from the ſecond 
ſtation D; from D, draw the lines DA, DB, to cut the poſition lines, as at A and B, 
which are the places of the capes, and AB their diſtance ; the poſition line AB, re- 
duced to the circle whoſe center is C, will ſhew the — of the capes from each ot 
thus draw FG parallel to AB, t Ix the center C, and then FG As have the ſame 
as AB, and the chord of the arch will be the degrees of the polition or bearing of A 
from B, which is N. 24. 3o' W. 

In the triangle ACD, are given the 40. g points; the 4D 29˙ tf. Hence 101% 


+29 4 
130 4 
* | <LA_495 
As s, 49 : 3,29% :: DC 7' : AC=4',55 
nd $,49 + : $784 :: DC7 : AD = 9.06 
In the triangle BCD, are given the 4 = $5 points. 4D=25%] + the E ADC = 29% 
+ 106 2 the 4 BDC = 26 + 
Sum 132 ; f che um DB 
2B = 474 
As s, 47˙ : 3,25% :: 7“: 4,07 =BC 
$447 + : $733 ©: 7 : 9,056=8D 
Note. Theſe proportions were computed by T But the parts BEE might 


y Ingonometry: 

be obtained by the lines of the fines of the rumbs, and the numbers. 

In the triangle ADB are given DA, DB, and the contained angle D: To find AB, and 
the angles A, B. Becauſe the ſides DA, and DB are very near equal to each other, the 
angles may be taken equal to cne another; then 180 55* = 125, the angles A and B. 
W hence the angle A 62%; K. B. 

D bears from B 30 towards the North from the Weſt. 

A from B, W.65;N. which is N. 24 W. the bearing of A from B. 

And s, 62: 5, 58 :: AD: AB=8,37, the diſtance of the capes. 


——— A oO RO of 
On board a ſhip in the Britiſh Channel, the bearin wh. a Xt was obſerved by the 
compaſs to be N.N.E. we then failed E. bN. ſeven — * es, and obſerved the church bore N. 
What diſtance was the church from the fhip at each place of obſervation ? 


Solution by Conſtruction. 
I. et A repreſent the place of the ſhip, when the firſt bearing was taken; and B the place 
at the Fas. bearing ; N. the North; C, the church. 
Anſwer. The diſtance from A to P. at the — time oa ſetting it, is 18,0 miles. 
And at the ſecond time, from B, is - - 15,2 


By Trigonometry. 
In the triangle ABC, are given AB 7 miles, by the ſcale marked EP ; the 4 A=5 poo 5 
4C=2 pts. and 2 Beg points. t nd AC and BCC. 
I. 5, 2 pts. : 5, 7 pts. :: AB: AC=17,94 
2. 8,2 Pts. : $5 pts. :: AB: BC 15,21 jthe Bande * By 


aa Aa > ad 


(BY. 
| By the Traverſe Table. 
By the triangle ABD, the angle at A is 1 pt. and AB ; to find AD, BD. 
1. Over 7 pts. and againſt 5D, is 1, 378 BD; and 6,87E = AD, the departure. 
2. In the triangle ACD, the angle A is 6 pts. and AD= 6,87, to find AC and CD. 
Under 2 pts. and againſt 6,87 dep. is 16,6 DC, and 18 AC. From DOC 16, 6 
| Take DB 134 


BC =1 5,2 
| 2. A. 0 5 $128 th SS 
Sailing in the Britiſh channel, I obſerved two capes (or head- lands); one of them bore 
N. N. E. the other N.E.bE, We failed E.bN. till the firſt bore N.bW. and the ſecond N. 
The diſtance of thoſe capes was known to be 12 miles, and the bearing of the firſt from 
the ſecond N. bW. z W. we then continued our courſe till the capes bore N. bW. IW. the 
time of failing this required diftance was 1h. 4o'. What was the whole diſtance failed ? 
What diſt. did we fail per hour? What was our neareſt diſtance from the ſecond cape ? And 

what was our diſtance from the capes at each time of ſetting them? | 


Solution by Conſtruction. 


Let A and B be the places of the ſhip at the firft and ſecond ſtations; C, D, the capes, 
The whole diſtance failed is AH = 14 miles nearly. 
And if 1h. 40“, or 100”, give 14 miles 


60 will give 87,4 } — 


. | 


Hence the ſhip failed 8,4; miles an hour; and the neareſt diſtance from the cape D, was 
5,3 miles equal GD. 


Solution by Trigonometry. 
In the triangle ADC. 1. As s, 3 pts. : $,34 pts :: 12 : AD=13,7. 
2. As s, 3 pts. : 5, 62 pts. :: 12: AC = 20, 6. 
3. In the triangle AGD, right angled at G. To find DG and AG. 


9 By Traverſe Table. 

Under 2 pts. and againſt 13,7 diſt. is 12,66=AG, and 5,24= GD. 
4. In the triangle ADH. To find AH. | 

As 8,7+ pts. : $,6+ :: AD: AH = 13,2. the whole diſt. failed. 


By Traverſe Table. 

is DE=11,5 diff. lat. 
and CE= 3,5 dep. 
Otherwiſe thus : In the triangle BAC, right angled at B, 


88 0 By Traverſe Table. | 
Over 5 pts. and againſt 20,6 D, is 11,44= AB, in lat. col. 
® and 17,13=BC, in dep. col. 


In the triangle BDG, right angled at G; under 1 pt. and againſt 5,24 in lat. col. is 5,35 


£ 2 5. Under 1+ pts. and againſt 12 } 


=BD in diſt. col. and 1,04 = BG in dep. col. Alſo under 2 pt. and, againſt GD, in lat. 


Now AG - GB=AB=11,02 ; 
And AG +GH= AH 13, 18. 


PRO DN . 


col. is „52 = GH, in dep. col. 


We ſailed from a port 
traverſe that courſe on the N. W. bN. rumb 23 miles: 
we ſailed from? And how did it bear from us? 


* Thus, againſt 20 
And agunft o, 6 is 


How far were we then from the port 


is 11,11 and 16, 63 
50 


33 and E ſums are 11,44 and 17,13 
7 


Solution, 


Fig. 7. 


s. 


30 miles E. S. E. when a ſudden change of wind obliged us to 


Fig. i . 


( 54 ) 
1 Solution, by the Traverſe Table. | 
1. Over 6 pts. and againſt 30m. diſt. col. is 11,5S. in lat. and 24,77. in dep, col. 
2. Under 3 pts. and againſt 230. is 19, N. — and 12,0. | 
The ſhip has made from her port N = and 14,9E. which being found 
in lat. and dep. columns, gives the bearing of the port failed from S. 63*W. and its diſtance 


17 miles nearly. 
$7 By the Figure. 

Let NS be the meridian, A the port failed from, B the place of the ſhip where ſhe changed 
her courſe ; and when ſhe had differed her latitude 11,5 S.= AD; and departed from the 
meridian 27, W, =DB. Her ſecond courſe BC, diſt. 23, where ſhe had differed her lat. 
from B, 19,1 N. =BE =DF, and departed from the meridian 12,8 W.= EC. At C ſhe was 
17 from the port A, and it bore S8. 63% W. Hence ſhe had made good N. 63* E. 17 miles. 


CURRENT SAILING. 


1. A CURRENT, or Tide, is a progreſſive motion of the water, which cauſes all 


floating bodies to move that way which the ſtream runs, 

2. The fetting of a tide, or current, is the point of the compaſs towards which it runs; 
and the drift of the current is the rate it runs at per hour, as 1, 2, 3, 4, &c. miles, 

3. If the current ſets the fame way as the courſe of the ſhip, then the velocity of the 
ſhip, or its motion through the water, is increaſed (by what the ſails by the log) by the drift 
of the current, | 

4. If the current ſets directly againſt the courſe of the ſhip, her motion through the water 
is diminiſhed : And if the action of the current exceeds that of failing by the log with the 
wind, the ſhip will drive a-ſtern and loſe way. AMIE: 5 | 
5 If the current thwarts the courſe of the ſhip (that is, when ſhe ſails acroſs the current 
in any oblique direction, which tends towards the direction of the current) then the velocity 
of the ſhip through the water will be increaſed by it; but if the direction be perpendicular to 
that of the courſe, ſhe will fall off the drift of the current per hour from the courſe; and if 
the ſet be between the caurſe and the beam of the ſhip ſhe will loſe way, and the courſe 
made by the ſhip will be compounded of that made by the wind, and that by the current ; 
or of the courſe ſteered and diſtance made by the log, and that of the ſet and the drift ot 


the current, : 
eF1OD SE SS. 1 
Suppoſe à ſhip ſailed S. S. W. 10“ an hour, in a current that ſet S. S. W. 3“ an hour, ſhe 
would make S. S. W. 13 an hour, by art. 3. 


. 
Suppoſe a ſhip failed (by the log) 7“ an hour N. in a current that fer 4 per h. S. then 
ne would make through the water 3“ an hour N. by art. 4. 


0 „5•üů³ „ We BE 9s Ps SF 2h 
A ſhip failed E.bN. 7” an hour, in a current that ſet N.bE. 5 an hour: What courſe and 
J:!tance did ſhe make good per hour? 


By the Traverſe Table. 


P. N. E. 
| | Courſe E.bN, 7 I,4 
__ Current N. bE. | 49 | 10 


Made good N. 51 E. | 10,1} 6,3 7. 


nt 


| 


> 'Z 2» 


T 
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* 
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ourſe and Current.|Diſt. | N. S. F. | W. | 

: | "ks. N. [18,0 [18,0] ( 
Thus 41 and TH 7 and 24 W. S. W. 14, - -| 5,4] - -[12,9 
By 4 and 4 |By 5 and | N.N.W. 337,534, - =| - - [14,3 
|_18 and 14 | 37,5 nd 1375] | EDN 11450] 222 - 137] -- 
i W ade good N. 13 W. 52 E224 U 22 

| ons; a 9) --|- - 1135 


. 


| To conſtruct the Figure, 
Let A be the place of the ſhip when ſhe entered into the current: Draw AN the meridian, 
AD the diftance failed (by the log) in an hour, E.bN. and AC the drift of the current, 
N.bE. and parallel ro AD draw CB, and parallel to AC, draw DB, and draw the diagonal 
AB, which will repreſent the direction of the courſe made good, and the diſtance per hour. 
And the like in all other caſes, | 


FR QO BD HL KI: IX. 
A ſhip failed 4 h. due N. by the log 4'+ an hour, in a current that ſet W. S. W. 3“ an 
hour; ſhe then failed N.N.W. 5 h. by the log 7 an hour, in a current that ſet E. bN. 2/2 an 
hour, What courſe and diſtance has ſhe made good? 


Conſtruction. | 


r. Set off from A to a, 18' due North; and from'A to 5, in the direction of the current, Fig. 2c. 


14; draw bB, parallel and equal to Aa; draw the diagonal AB, and B will be the place of 


the ſhip at the end of her farſt courſe. 


2, Set from N. to e and g, the direction of the ſecond courſe. and current; draw the 
parallelogram and its diagonal BC, and C will be her place at the end of the ſecond courle, 

3, Draw AC, which will be the diſtance made, and the angle ANA, the courſe made good. 
Whence her courſe made good will be found to be N. 15? W. diſtance 52 miles. 


lr e | 
Suppoſe a ſhip fails S. S. E. 7'. an hour, in a current that ſets N. W. 47 an hour; What 
courle and diſtance does ſhe make an hour ? | 
Conſtruction. Let A be the place of the ſhip entering into the current; AC, the diſtance 
ſhe ſails by the log, S.S.E. in an hour; and AD, the ſet and drift of the current. Draw CB 
parallel and equal to AD, and draw AB, which will repreſent the diſtance made good per 
1our, and SAb, the angle of the courſe. 


By the Traverſe Table. 


Courſe and Current. | Ditt.| Lat. Dep. 
S.S.E. 7 16,5S[2,7 E 
8 N. W. 425,8 Nia, 8 W 
Made good S. 25. W. 3,75 3,7 NO N 


„0% ĩͤdv G-+ vs 
Suppoſe a ſhip ſailed from a certain cape, S. S. W. 49“ by the log, in a current that ſet 
between the N. and W. after fix hours the ſame cape bore E.S.E, and by oblervation the 
ſhip had differed her latitude 30“; I defire the rate the ſhip failed at, by this compound 
motion of wind and tide, and upon what point of the compals ſhe has made her way good, 


Conſtruction. 


Let A repreſent the place ſailed from; through the point A, draw the meridian N.S, and Fig. 22, 


on the point A, deſcribe the ſemi- circle. *. 


2. Set 


Fig. 21. 


„ 
r .. . # 
” = — — - = _- 
* > _ — 4 —— + 2 — 
a _ + 1 - — — * _— — 2 7 
” » 5 = * 
—̃— — — _— — — wa 
S — — — = - = = = 
— * — - * — = - * 8 
— — r - — 22 
— 
= \ 


* 5 
I — 5 — * 
— 3 — 


+ 


( 38 ) 

2. Set off the courſe (S.G.) and draw the diſt. 49'= AB. 

3. Set off tte diff. of lat: AE = zol, and draw EC parallel to AW. ; 

4. Draw the W. N. W. line till it meet the parallel line as in C. Then BC will repreſent 
the ſet and drift of the current, AC the diſt. and NAG the courſe made good, which by 
the figure is W. N. W. 78 miles. ' EY 

To find the rate of her ſailing : Divide the diſtance made by the hours of the time that ſhe 
was under fail, and the quotient will be the anſwer. Thus 6)78(13 miles, the rate of failing 
made good per hour, 

To find (by the Traverſe Table) the Dep. and Dift. made good. 

Over 6 points, and againſt 30“ lat. is 78 diſtance, and 72 W. departure, the anſwer, 

And ſhe has made 13' per hour, W.N.W. | 


WINDWARD SAILING. 


Art. 1. OAILING to windward, is failing towards the quarter the wind blows from, that 

is, when the courſe ſteered is leſs than 8 pts. fram the wind, or from the point the wind 
blows from; and when a ſhip fails upon a wind, the makes a (Z) like courſe, by ſailing with 
the wind, ſometimes on one fide, and ſometimes on the other fide of the direction the 
wind blows from. A perſon ſtanding at the helm on the quarter-deck, or any where abaft, 
and looking forwards, towards the ſtem, or head of the ſhip ; then his right hand fide is the 
ſtarboard ſide, and his left hand fide the larboard fide; the beam, is that piece of timber 
which lies acroſs the middle of the ſhip, near the main-maſt; and if the wind blows from a 
point between the head of the ſhip and that beam, it is then ſaid to be before the beam (you 
are to ſuppole yourſelf ſtanding on the middle of the mid-ſhip beam); but if it blows in a 
direction between the beam and the after part of the ſhip, it is abaft. 

2. When a ſhip ſails towards that point the wind blows from, ſhe is ſaid to ſail on a wind, 
or to ply to windward : And when ſhe fails as near the wind as ſhe can, ſhe is ſaid to be cloſe 
hawled ; floops will generally fail, when cloſe hawled at 5 points from the wind ; but few 
thips can fail nearer the wind than 6 or 64 points. 

3. \When the helmſman is ordered to ſtarboard, he puts the helm of his rudder towards the 
{tarboard fide, and when he is ordered to port, he puts it towards the larboard fide. Wind- 
ward fide is the fide the wind blows on. Leeward ſide is the other ſide. 

4. Tacks and ſheets are large ropes made faſt to the lower corners of the fore and main fails, 
(or clues) by which they are hawled fore and aft. When a ſhip fails on a wind, the wind. 
ward tacks are hawled forwards, and the leeward fheets aft. 

5. The ſtarboard tacks are aboard, when the ſtarboard ſide is ta the windward, and the lar- 
board to the leeward. 3 

6. The larboard tacks are aboard, when the larboard ſide is to the windward, and the ſtar- 
board ſide to the leeward: 

7. To find how near the wind a ſhip can lie, or ſail, obſerve the courſe ſhe can fail on each 
rack, when cloſe hawled, and half the number of points between the courſes will be the 


points required. 


Ex. 1. The wind at S. and a ſhip bound to a port 40 leagues directly to windward, ſhe 
can make her way good at 6+ points from the wind: What diſtance mult ſhe ſail on each 


rack to gain her port? 
Solution by Traverſe Table. 3 
Given the courſe 63 points, and half the difference of latitude 20 leagues, which is = half 
the diſtance; to find the diſt. to fail: Over 62 points and againſt 20 Ieagues lat. is 82 
leagues, the diſtance to be failed on each tack. 
Conſtruction. 


1. With the chord of 60? deſcribe the circle, and draw the diameters N. S. E. and W. 
3 


N. B. To fetch a port, road, bay, &c. is a ſea term; alſo to gain. or to obtain her port, is the courle and 
diflance, or courtes and diſtances, ſhe muſt ail before ſhe arrives at the place. 
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2. Set off 63 3 from the point of the wind at S. each way to F and G; and draw the 
two courſes the ſhip will make on her two boards. 


3. Draw AB of a ſufficignt length, and then lay a 
and draw from W the other port parallel to AF, till 1t cut the other line, as in the point B; 
and AB will be the diſtance to ſail on her larboard tack, and BW on her ſtarboard tack ; now 
AB 1s equal to 82, the diſt. to fail on each tack ; which diſtance is equal to the ſum of the 
ſeveral diſtances Aa, bc, and de; alſo theſe diſtances are equal to thoſe to be failed on the 
other tack, ab, cd, and eW, that is, the ſum of the diſtances on each tack are equal. 


Ex. 2. A ſhip bound to a port that bears N. E. b N. E, muſt double a Cape to the Eaſt- 
ward with the wind at N. N. E. after having failed 10 | on her larboard tack, 5+ points 
from the wind, with a point lee-way, the port bore N.W.bW. How near the wind muſt ſhe 


lie on her ſtarboard tack? What diſtance muſt ſhe fail to reach her port? And what 
diſtance was ſhe from the port when ſhe ſet ſail ? 


Conſtruction. 

Let A be the place failed from, B where ſhe tacked, and P the 
circle to repreſent the horizon, and mark the points N. S. E. W. the point of the wind, 
the points of the tacks the ſhip will make and the bearing of the port when ſhe 
changes her tacks. Then ſet off 10 leagues on her larboard tack, from A to B, and draw 


BP 1 to the N. W. b W. rumb, till it cut the line AQ, as in the point P, the port 
required. 


Solution. 
As 8, 74 points : s, 5 points :: 10 leagues : 8.4 = BP. And s, 74 points : s, 2 points 
:: 10 leagues : 4.8 AP. The ſum is the diſtance to ſail equal 13.2. And ſhe may lie at 
z points from the wind, and make half a point lee-way to fetch her port. 


By Traverſe Table. 
1. 30 diſt, and courſe 5+ gives 26,46 =Be. 2+ gives14,14 = Ae. 
2. 14,14 lat. and courle 72, gives AP=14,2, and eP = 1,39. Now 26,46—1,39= 
25,07 BP, the diſt. ſhe mult fail to the port, at 6; pts. from the wind: When ſhe ſet fail 
at A, ſhe was 14, 4 miles from the port P. 


Ex. 3. A ſhip plying to windward, with the wind at N.W.bN. after ſailing 45 miles on 


each tack, found by obſervation, they had made 30“ lat. to the Northward : How near the 
wind did ſhe make her way good ? 


Conſtruction. | 
Having drawn the circle, the meridian, and the Eaſt and Weſt rumbs; then ſet off the 
point of the wind, alſo the lat. made from A to D, and draw DB perpendicular to the 
meridian, till it cuts the line of poſition the wind blows from ; then take the diſtance failed 
on each tack 45, and make the ſection at C; draw AC, BC, and AG, parallel to BC; then 
the Arch Hg = HG, will be the degrees the ſhip made her way good from the wind; which 


n 66. 


| By Traverſe Table. 
1. Under 3 pts. and againſt 30“ lat. is 20 dep. and 36 diſt. equal AB. 


2. Againſt 45 in diſt. and 18 in dep. col. is the angle BAC = 6693, that the ſhip made 
her courſe from the wind. | | 9 


Ex. 4. The wind at North, and a ſloop which can lie at 5 points from the wind, and 
make her courſe good at 62, wants. to fail to a port 20 miles directly to windward ; what 
courſe mult ſhe ſail, and diſtance on each tack, to reach the port, ſuppoſing her firſt board 
to be on the larboard tack 10 miles, her ſecond board 20 miles, her third board 20 miles: 


How far muſt ſhe fail on her fourth board, ſo as to make her port on the fifth ? 
| Q_ Conſtruction, 


parallel ruler on the other tack AF, pig. 23. 


port bound to ; draw the Fig. 14, 


Fig. 25. 
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Fig. 27. 


Channel, from the Downs to Sea, where he will find much variety. 


( 38 ) 
Conſtruction. 
With the chord of 60, deſcribe the Northern half circle, and draw the W. N. and E 
rumbs, and ſet off 20 m. from A to P; from the North point of the circle ſet off 6- points 
each way, and you will have the courſes ſhe will make on each board. _ | 
Anſwer from the Conſtruction. She mult fail W.N.W.+W. on her ſtarboard tacks, and 
E. N. E. E. on her larboard. Diſtance 34+ miles on each tack. 


Solution by the Traverſe Table. 

Since ſhe makes her way good at 6+ points from the wind, the courſes of her boards will 
be W. N. W. W. and E. N. E. E. that ſhe will make hence to find the diſtance ſhe 
muſt fail to reach her port, may be found as follows: Over 6+ pts. and againſt 20/ lat. is 
69' in diſt. col. which is the diſtance ſhe mult fail on both boards; whence it appears that 
ſhe muſt ſail 34+ miles on each. And after ſhe has failed 20“ on her ſecond board, and 20 
on her third, ſhe muſt fail 14,5 on her fourth, and 4,5 on her fifth to the port. For 
10 +20 +4; = 34+ on her larboard tacks; and 20 + 14,5= 34x on her ſtarboard. 


Ex. 5. A ſhip is to fail to a port bearing E. S. E. diſtance go miles, with the wind at E. bs. 
gets her larboard tacks on board and fails 20 miles; ſhe then tacked and failed 30: How 
many miles muſt ſhe fail on two more boards to obtain her port, ſuppoſing the ſhip to make 
her way good at 6 points from the wind ? 


Solution. 

Since ſhe can make her way good on her larboard tack at 5 points from the bearing of 
the port, and on her ſtarboard at 7; alſo that the angle oppoſite to the diſtance is 4 points, 
for the ſum of the courſes ſhe can fail in reſpect of the poſition of the diſtance, is 3 and 
points; the ſum 12, ſubtracted from 16, leaves 4 points, the angle contained by the tacks, 
as per fig. Let A be the port to fail from, P the port to fail to; AP the diſt. AW the 
bearing of the wind; the ſum of the diſtances to be failed on the larboard tack S. b. E. and. 
on the ſtarboard N.E.bN. will be found as follows by the Traverſe Table. 

Suppoſe the perpendicular AD, let fall from A upon TP the diſt. to be failed on the ſtar- 
board tack, See fig. 27. | 

1. Over 7 points, and againſt go'= AP, in diſt. col. is 17,5=DP, and 88,3 DA. 


2. Under 4 points, and againſt 88, 3 in lat. col. is 125 in diſt. col. equal AT, the diſt, to. 


ſail on the larboard tack ; and in dep. col. is 73,0= DT 
Add 17,8 DP 
The diſt. to fail on her ſtarboard tack 90, 5 = TP 


Remark. When a ſhip can make her way good, nearer to the bearing of the port on one 
board than on the other; ſhe muſt make her longeſt boards on that tack on which ſhe can 
make her way the neareſt to the bearing of the Port; which is evident by the figure. 

It is not material which tack ſhe leads off with; as ſhe mult ſail 125” on her larboard, 
and 90, 5 on her ſtarboard. 


WIND WARD SAILING in a CURRENT. 


r 
SHIP in the Britiſh Channel, making for the Downs, with the wind at E. her courſe 
to make is E. bN. diſt. 40 miles; the flood tide ſets E. N. E. five miles an hour; and 
the ſhip can ſail by the log account ſeven miles an hour, and make her boards good at ſix 
points from the wind: What courſes will ſne make good? What diſtances per hour? And 
what time will ſhe be in failing to anchor off the * South Foreland ? 


For a further Information in this uſeful part of ſailing, I muſt refer the reader to the Journal through the 


Solution, 


St *®) — m 
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Solution, 

Since the wind is E. and ſhe makes her way good at 6 points from the wind, therefore 
ſhe will lie N. N. E. on her ſtarboard tacks, and S.S.E. on her larboard; whence by theſe, 
and the ſet and drift of the current per hour, we find by the traverſe table as follows: 


| Diſt.] N. 1 
| Starboard tack 1h. | N.N.E. 7 6, 46 N. | 2,68 E. 
I Current 1 E. N. E. 1,91 N. | 4,62 E. 


5 

Made good in 1h. | N. 42 E. | 11'| 8,37N. | 7,30 E. 

Larboard tack 1 h.] S.S.E. 7'| 6,468. | 2,68 E. 
5 


Current 1 h. E. N. E. 1,91 N. | 4,62 E. 


YH [Made good in 1h. S. 58 E. 9“ | 4,558. | 7,30 E. 
\'Y Made good in 2 h. | N.75*E. | 15'| 3,82 N. [14,60 E. 
. Whence it appears, that ſhe will make her courſe good by failing equal time on each 
board; and the ſhip will make 11' per hour, on her ſtarboard tack, and g“ per hour on her 
larboard ; alſo by the compoſition of the courſes, and current, at the end of two hours the 


ſhip will have made 15' towards the Foreland : Hence if 15 miles require 2 hours, what will 
40 miles require? Anſwer 5h. 20”. the time ſought. 


SPHERICAL SAILING. 


\PHERICAL Sailing is divided into Parallel Sailing, Middle Latitude, Mercator, and 
Great Circle. 

Def. 1. Parallel ſailing, is ſailing Eaſt and Weſt, and therefore in a parallel of latitude. 
See Def. 22. p. 35. 

2. Middle Latitude ſailing, is the method of computing the place of a ſhip with reſpect 
to her longitude, by rules depending on the latitude, taken in the middle between the two 
latitudes; that is, between the latitude failed from, and the latitude the ſhip is in. 

3. Mercator's failing, is computing the place of a ſhip in reſpect of her longitude, by 
means of a table of meridional parts. ; 

4. Great circle ſailing, is the computing a ſhip's way by the poſition of circular arcs, and 
their lengths, which are propoſed to be failed from one meridian to another, where the courſe 
Is propoſed to be changed a little (a few degrees) from the toregoing. 

Rules for Middle Latitude. 

1. When the lat. of the place of departure, or place departed from, and that of the 
place intended to ſail to, or arrived at, are of the ſame name, that is both North, or both 
South; then half the ſum of the latitudes will be the middle latitude. 

2. When one of the latitudes is North, and the other South, then half the difference of 

= the latitudes will be the middle latitude. 
3 A SPHERICAL PRO B L E M. 
1 Three points that are not in a right line being given; to find the center of the circle. Let Fig. S. 
a, b, e, be the points, through which a circle, or circular arch, is to be drawn; draw right 
® lines from the extreme points, to meet at the middle point, as ab, eb; biſect theſe lines (by 
Prob. 1.) as the lines /, gh, and the point of their interſection, as C, will be the center re- 
? quired ; on which with the radius Ca, deſcribe a circle, and it will paſs thro” the pts. required, 


A Projection of Half the Surface of the Earth. 


HIS projection made on the plane of a meridian, and that of its antipodes (which may 

be called a projection) on the plane of the rational horizon of a place at the equator. 

P repreſents the North, and S the South poles; E the Eaſt, and W the Welt points of the 
horizon; and the line WE the equator. 0 
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| The Method of Conſtruction. 

Iſt, With the chord of 60® deſcribe the primitive circle P go, S go, to repreſent the 
horizon of the place O, the center of the projection; draw the axis PS, and the diameter 
WE for the equator. 

2d. Divide the equator into twelve equal parts from O, (6 each way) and mark the 
points of diviſion, 15% 30, 45, &c. 

3d. Deſcribe circular arcs, through each of the points marked in the equator, to co-incide 
with the poles, by the Spherical Prob. fig. S. 

4th. Divide the axis PS, from O to P and S; each part into nine equal parts, and draw 
lines through theſe points parallel to the equator ; number them 10, 20, &c. to go, for the 
degrees of latitude, as per fig. 

5th. Set off two parts and ꝓ from O, towards S and P, and draw two ſtrong lines parallel 
to the equator EW, for the tropicks of Cancer and Capricorn: Then the lines numbered 

10, 20, 30, &c. will repreſent the parallels of latitude z thoſe towards P, North lat. and 
thoſe towards S, South latitude. 


The circular lines paſſing from P to 8, are meridians, drawn at 15 from each other, in the 


Projection, | 


SPHERICAL DETINITTONS and PRINCIPLES. 


THE fun at all times of the year, to thoſe at the equator, riſes at 6 hours before noon, 

and ſets at 6 hours after; alſo the ſun always riſes in the Eaſtern and ſets in the Weſtern 
horizon. Hence the projection of the Eaſtern meridian (when the projection is made on the 
plane of the 6 o'clock meridians) is numbered 6 A. M. and fo on to the mid-day meridian POS, 
and from thence the afternoon hours, to the 6 o'clock meridian in the Weſtern horizon. 


A TaBLz of the Nauricat, or Geoorarnicar Mites, contained in each Degree of 
Longitude, computed to every Degree of Latitude from the Equator to the Pole. 


Lat. [Miles] Lat. [Miles | Lat. Miles Lat. Miles Lat. [Miles | Lat. Miles 
o 60 | D. D. D. | D. | D. | 
1 59,99] 16 [57,67] 31 [51,43] 46 [41,68] 61 [29,09] 76 [14,51 
2 59,960 17 [57,38] 32 [50,88] 47 (40, 92 62 [28,17] 77 13,50 
3 [59,91] 18 [57,06] 33 [50,32] 48 [40,15] 63 [27,24] 78 12, 48 
| 4 [59,85] 19 [50,73] 34 49,74] 49 [39,36| 64 26, 300 79 [11,45 
5 159,77] _20 [86,380 35 [49,15] 50 [38,57] 65 125,36] 80 10,42 
6 [59,67] 21 36,010 36 48,54 51 [37,76] 66 24, 410 81 | 9,38 
7 159,50] 22 [55,03] 37 47,92] 52 36,94 67 |23,44| 82 | 8, 35 
8 59,43] 23 [55923] 38 [47,23] 53 [30,11] 68 [22,48] 83 | 7,32 
9 59,27 24 4,810 39 46,63 54 [35,27] 69 21, 500 84 | 6,28 
| 10 159,09] 25 [54,38] 40 [45,96] 55 [34,41] 70 20,3285 | 5,23 
11 [58,89] 26 3,93 41 45,28 56 133,55] 71 19,530 86 | 4,16 
12 58,68] 27 53,46 42 44,59 57 [32,08| 72 18,487 | 3,14 
13 58,46 28 [52,97] 43 43,88 58 [31,79] 73 [17,54] 88 | 2,09 
14 [53,22] 29 52,47 44 43,16 59 [30,90 74 [16,54] 8g | 1,05 
15 157,95| 30 151,96] 45 142,43! 60 [30,00] 75 !15,53] 90 | 0,00 


This table ſhews in what proportion the degrees of longitude decreaſe in each degree of the 
parallel of latitude from the equator to the pole. | 

Note. In lat 600 there are only 3o' in 19 of longitude; but at the equator, where latitude 
begins, there are 60 geographical milesin 1“. The 


( 6s ) 
The foregoing table was computed by the following canon 
As R: coſ. of the lat.:: 60% the miles in 12 at the equator : the miles in one 10 of longi- 
tude in the given parallel of latitude, 
Ex. To find the miles in 1® of longitude in the latitude of 3 and of 569. 


As R: cof.5*= 9,998 344 and R: coſ. 50* = 9,808667 ; 
. 2:2: bo =1,770151 _ IR 1 bo'= 1,7781513 51® lon. in lat. 50? 18 38',56725 
: 59,77 = 1, 776495 min. in 1* = 38,667 = 1,536818$ 


A ſhip failed from St. Mary's, Scilly, Weſt 576 miles: What longitude is ſhe in ? 

St. Mary's, lat. 49%. 58 N. for which we may take zo“, and againſt it in the tabic is 
39,57, the miles in one degree. Hence 38,57)57600(14®.36/W. from St. Mary's. 
3357 +6 .40 W. the lon. of St. Mary's, 


— — 


19030 21 .16 W. the ſhip's longitude. 


I 5428 
36,02 


In the lat. of 369. 20“, how many miles are there in o degrees of longitude ? 
By table, in 36“ are 48,54' in 2* longitude 
And in 37 are 47,92 
diff, 1* gives 0,02 
Now 20“ being + of 60, therefore take + of the diff. ,62 which is ,21 nearly. 


From 48, 54 
Take ,21 


In lat. 369. 20“ are 48,33 lon. in 1®, and 483 miles in 109. 


MIDDLE LATITUDE SAILING. 


e | 
1 latitudes of two places, and their difference of longitude being given; to find the 


courſe and diſtance. 
Required the courſe and diſtance between the Lizard and the Iſle of St. Vincent. 


The lat. of the Lizard is 499.57 N. and lon. 5*.20' W. from Greenwich. 
Lat. of Iſle St. Vincent is 17 .17 N. and lon. 23 .26 W. . 
Diff. of lat. 1960” = 32 .40 diff. of lon. = 18 .06= 1086 
The ſum of the latitudes = 672.14, 


The + ſum is the middle lat. 33 +37 
Comp. of middle lat. = 56 .23 


To conſtruct the Figure. 
1ſt. Draw a meridian line, and ſet off the diff, of lat, 1960 from A, the — 
ſented place of the Lizard to D. ä um PE 
2d. Draw AW perpendicular to AD, which will repreſent the Weſt rumb; and 
draw DC parallel to AW, and ſet off from D to C the diff. lon. 1086“; and | ao= Am. 


draw the line AC. ö 
3d. With the ſine of 90 in the compaſſes, and one foot in A, deſcribe the quadrantal 


arch EW. | 
4th. Set off the ſine of the comp. of the middle lat. from A to m, and draw un parallel 


to AW, draw alſo EG parallel to it. : | 
5th. Take my in the compaſſes, and {et it om E to P. 


= 
1 
1 


6th, Draw 


Fig. ze. 
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6th. Draw a right line from A through P, to join the line DC in B, then draw ed, and 
the figure will be conſtructed. ” 

Note. From this conſtruction may be obtained all the proportions relative to middle 
latitude failing, viz. _ 

AD is the difference of latitude = 1960 miles 

EG =mo, the ſine of middle latitude = 339. 37. 

DC the diff. of longitude = 1086 miles 

21382 = AB, the diſt; DB the departure = 920. 

ao = Am, the coſine, or fine comp. of the middle latitude = 339.37”. 

DAB, the angle of the courſe. | 

de, the ſine of the courſe, which is 249.46', 

Ad, the coſine of the courſe. 

EP, the tangent of the courſe = 249.46”. 


By ſimilar triangles. See Theo. 12. and the following ones. 

Art. 1. AD: DC:: Am: mn = EP. Whence, as the difference of latitude : the difference 
of longitude : : coſine middle latitude : the tangent of the courſe. 

2, AB: EG:: Am : mu or EP, for m=EP. And Am: EP as AE: EG; + as 
DB : DC, and Am : AE :: DB : DC. l | 

Hence the coſine of middle lat.: tangent of the courſe : : diff. of lat.: diff. of lon. 
And coſine middle latitude : R:: departure: difference of longitude. 

3. Ad: Ae:: AD: AB; that is, the coſ. of the courſe : Rad.: : diff. of lat.: diſt. 

4. AE : AP :: AD : AB; that is, R: the ſec. of the courſe : : diff. lat.: diſtance. 

The above are general proportions for finding the courſe, diſtance, and difference of 
longitude z and by the 1ft, the courſe was found to the foregoing queſtion, to be S. 24. 46'W. 
and the diſtance by the 3d. to be 2158 miles. I ſhall leave the other varieties of the 
caſes to be reſolved by thoſe who have pleaſure in ſpending time in purſuits of no moment, 
as this kind of failing will appear to be, when compared with Mercator's. 

To reſolve the longitude caſes of middle latitude, parallel, and Mercator's failing, by 
the traverſe table : Enter the table with the neareſt degree of middle lat. and find the departure 
in lat. column; and againſt it in the diſtance col. will be found the longitude required; 
as deduced from the 2d. article above. See figure 29. 


Parallel Sailing ; or Sailing in a Parallel of Latitude. 


. 
HE. latitude and difference of longitude of two places in the ſame parallel of latitude 
being given; to find their diſtance. Suppoſe two places in the parallel of 509.26'N. 
and the diff. of longitude 22% 46“: What is the diſtance ? 


To conſtruct the Figure. 

1. Wich the fine of 99". in the compaſſes, and one foot on the point P, as a center; de- 
ſcribe the arch EQ. 

2. Set off the difference of longitude, reduced into minutes, from E to Q; and draw the 
chord line EQ, which biſect, as in F, and erect the perpendicular FP. | 

3. Set off the ſine comp. of the lat. 399%.34', from the polar point P to A; deſcribe 
the arc AB, and draw the chord thereof, to repreſent the diſtance of the twa places in the 

arallel. 

Note. The difference of longitude, and the diſtances in parallels, are meaſured by a ſcale 
of equal parts; and tlie ſine comp. of the latitudes, by the ſines. 

From this figure the following proportions will ariſe, 


By 
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By ſimilar triangles, theſe proportions. See figure. 

38 © RI: FA AB 2 is, Rad. diff of lon. :: coſ. lat.: diſt, 

2, PA : AB:: PE : EQ; that is, col. lat.: dift. :: R: diff. of lon. 

3. EQ: EP:: AB : AP; that is, the diff. of lon. : R:: diſt. : coſ. of the lat. 

4. AP: aP :: AB : ab; that is, the coſ. of any parallel of lat.: coſ. of the parallel 
of any other lat.:: the diſt. in the firſt parallel: the diſtance in the ſecond. Thus the coſ. 
of the lat. of A: cof. of the lat. of @ :: diſt. AB : diſt. ab. 

And by inverting this laſt proportion we have, the diſt. in any parallel: to the diſt. in any 
other parallel : : the col. of the lat. of the firſt parallel: the coſ. of the lat. of the ſecond, 


Theſe are the various caſes of parallel Sailing. 
By the 1ſt. R : coſ. lat. 50%.26'= 9, 804123 
: diff, lon. 1366 =3,135451 
: diſt, AB 870 =2,939574 


By Traverſe Table. 
Over 509, and againſt 136,6 in diſt, col. is 878 lat. column, 
Over 318. and againſt 136,6 in do. is 860 do. 


Mean 51+ and lat. and 1366“ lon. gives 369 the diſt, 


G 
The latitude and diſtance between any two places on the ſame parallel being given; to 
find the difference of longitude. 


A ſhip failed from the lat. 489. 25 N. due Eaſt 160 leagues: How much did ſhe differ her 
longitude ? 

Conſtruct this figure as the laſt; then P will repreſent the North pole; the arc EOrpig. 32. 
the equator ; the chord EQ the meaſure of the longitude between the meridians of the 


places; and AB the diſtance in the latitude of A, the place failed from ; and of B, the 
place arrived at. 


As coſ. 489.25 =co-ar. o, 178023 
: R :: diſt. 480 2,68 1241 
: diff. of lon. 7222 2,859264 Now 723 = 129.03 E. ſhe has differed her longitude. 


By Traverſe Table. 
Over 48* and 492, find 160' in lat. col. and againſt that you will find 241 in diſt, which 
is the mean of the two. Now 241 multiplied by 3 gives 723 miles diff. lon. 


CA; SE: :. HE 
The difference of longitude between any two places in the ſame parallel, and the diſtance, 
being given; to find the latitude of that parallel. 


A ſhip ſailed on a parallel directly Welt 624 miles, and had then differed her longitude 
189.46“: What was the latitude ? 


To conſtruct the figure. 

Firſt draw a right line, as FQ=1126', the difference of longitude ; biſect it in B, and Fig. 32. 
draw the perpendicular BP, which make equal to the ſine of 90; draw the meridians PE, 
PQ ; and fer off halt the diſtance each way from B, towards E and Q; and draw the 


right lines from thence parallel to BP, as aA, D, to interſect the meridians in the points 
A and D, which is the latitude of the parallel required. 


Take AP in the compaſſes, and it will meaſure on the line of ſines 339.39 
Its complement is EA, the lat. 56 .21. 


—_ 


By 
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By Trigonometry. 
As diff. lon. 1126'=co-ar, 6, 948462 
: Diſt. 624 =  2,795185 
: R: coſ. lat. 565.21: K- 977436472 


| By Traverſe Table. 

Find in diſtance col. 112, and in latitude col. 62; then obſerve that 1120 is too little, 

and 1130 too much, and becauſe 1126 lies between them, therefore take (for 6 out of 10) 

the proportion of the difference in the latitude col. and then 112,6 and 62,4, will give 
the lat. 56, which is ſufficiently near the truth. 


t PROBLEM I. 
Suppoſe two ſhips in the lat. 50*N. and 1000 miles from each other, failed directly 
North 600 miles : What is the latitude of the parallel arrived at ? And what 1s their difference 
of longitude ? The conſtruction is evident by viewing the figure. 


i Preparation. 
The complement of 1ſt lat. is 405. o 
The diff. of lat. 10. oo N. 


The complement of 2d lat. 30. 00 
Hence the lat. is 60 . oo N. of the parallel arrived at. 


iſt, As cof. lat. 50 , 808067 
: diſt, 1000 Sg, ooo 
: col. of the 2d parallel 60* = 9,698970 


: the diſt, in the 2d parallel 578' =2,890903 


2d, As the cof. of the lat. 50® 9, 808067 
: R:: diſt. 1000 =13,000000 


: diff. of lon. 1550 = 3.191933 


By Traverſe Table. 


1. Over 50, and againſt 100, o is 155% lon. hence 1000 gives 1555. 
2, Over 609, and againſt 1555 is 778 the diſt. but 1556 2 259. 56%, their diff. of longitude, 


FS DSL TEM: 
Suppoſe two ſhips ſailed from the lat. 60®N. (their diſt. in the parallel, 3 50 leagues) directly 
North, till their diſtance in the parallel was 175 leagues : What latitude are they in? And 
what diſtance has each of them failed ? 


As the diſt. in the 1ſt parallel 1050' =co-ar. 6,978811 


: the diſt. in the 2d parallel 525 = 2,720159 

: coſ. of the lat. of the 1ſt parallel G. o 9,098970 

coſ. of the lat. of the 24 parallel 756. 31 9.397940 . 
The difference of latitude 135.31 931 miles, the diſt, ſailed by each. 


And they are in the latitude 755. 31. N. 


By Traverſe Table. . RY 
Over 60, and againſt 350, is 700“ lon. now find 700 and 17,5, which will give 75> 
the latitude. 5 


PROBLEM 
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. PR OB L E M III. 

Suppoſe a ſhip failed from the Lizard 100 leagues Weſt, then r00 leagues North, and 
a_ 17 leagues Eaſt: What latitude and longitude will ſhe be in at the end of theſe 
courſes | 

Anſwer. She will be in the latititude 549. 57 N. and having differed her longitude 56'E, 


therefore ſhe will be in the longitude of P. 19 W. from the meridian of London, or . 24 W. 
from the meridian of Greenwich. 


The Theory, or fundamental Principles of Navigation, 


Are clearly deduced and demonſtrated from fig. 33. wherein AP repreſents a meridian; A, 
a place at the equator, P the pole, AKN an arc of the equator. | 

Divide the meridian AP into g equal parts, and number them 10, 20, 3o, &c. to go; 
then deſcribe the parallel circles, as CBf, Scg, DO, &c. and draw the meridians PH, PI, 
PK, &c. to paſs through the points of interſection of the rumb line and the parallels , 
theſe will form a number of triangles ABx, BCa, CDb, DEe, &c. which are equal and fimilar to 
each other: For the hypothenuſes are equal by conſtruction, and the angles ABr, BCa, CDs, 
&c. are equal, (by Def. 9. p. 34.) Whence all the ſides, xB, C, 4D, cE, &c. are equal; 
and alſo the ſides Ax, Ba, Ch, &c. Now in any one of the triangles, as BCa, (by Trig. 
Theo. 1. 1 24. and Art. 1. p. 26.) it will be, As radius: BC :: s, 4 aBC : C: Or, 
R: s, B :: CB: Ca, and :: DC : Ds, :: ED : Ec, &c. And by compoſition, 
Rü: s, 4 A:: AB TCT CD, &c. : xB+4aC+8D, &c. the departure. Hence it follows, 
that if AG be the diſtance, PAG is the angle of the courſe with the meridians, and HB, 
IC, KD, LE, MF, and NG, the ſeveral latitudes correſponding to the equal diſtances from 
AtoB, BtoC, C toD, &c. and NG = AY is the difference of latitude, AN the difference 
of longitude, GY the parallel diſtance, or the diſtance between the meridian of the place 
you departed from, and that of the place where you are. 


re 

1. R : diſt. : : s, courſe: departure. 

For the s, of the 4 ArB=Rad. : diſt. AB:: s, courſe xAB : departure xB. 

And R: s, 4 SAC :: AC : SC; that is, R: dift. :: cof. courſe : diff. lat. 

For the 1ſt term is to the 2d, as the 3d is to the 4th term. 

And the 1ſt term is to the 3d, as the 24d is to the 4th. | 

Alſo R: diff. lat.:: t, courſe: dep. (by Theo. 1. of Trig. p. 24.) 

Alſo NG= Ay, the latitude of the parallel y. And HB, kc, D, &c. the differences 
of the latitudes correſponding to the diſtances AB, BC, &c. Hence in the triangle AHB, 
or ABx, the 4 BAH = ABx, the complement of the courſe ; and HB= AX, the difference 
of latitude. As s, £ ABx : Ax :: R:: diſt. AB. Or | 

2. R: diſt, :: s, complement, or coſine of the courſe : diff. of lat. Ax. 

And by compoſition, R: diſt. AG : : cof. courſe : diff. lat. Ax + Ba Cb, &c. to G, 
where the ſum is equal Ay, or NG. Whence R: diſt. .: s, courſe: departure, and ſo is 
coſ. courſe to diff. of latitude. Alternately cof. courſe : s,courſe : : diff. lat.: departure. 
But by the principles of ſines and tangents, coſ.: s. :: rad, : tan. Whence, 

3. R: tan, courſe :: diff. lat.: departure. And if the diſtance, the diff. of latitude, 
and the departure, be laid down in right lines, they will form a right angled plane triangle; 
and the ſquare of the diſtance will be equal to the ſum of the ſquares of the difference of 
latitude and the departure. i 

By the figure may be obſerved the difference between the departure and meridional diſtance. 
For in ſailing from A to G, or from G to A, the departure is the ſame; being the ſum of 
the lines xB, C, D, &c. which is greater than the meridional diſtance yG, when a ſhip 
fails ſo as to encreaſe her latitude ; and it is leſs than the meridional diſtance AN, when ſhe 
ſails ſo as to decreaſe her laritude towards _ equator : For all the parts xB, aC, D, &c. 

are 


Sw_ . + 


r 

are greater than the parts correſponding yr, 18, 5, &c. in the parallel; and leſs than the 
parts AH, HI, IK, KL, &c. of longitude in the equator. | 

The departure is a middle quantity between them, and it is a certain quantity for any one 
courſe ; but if there be ſeveral courſes between any two places A and G, the whole departure 
may be different; for if one ſhip fails from A to y, and trom y to G, ſhe makes the departure 
56; but if ſhe fails from A to N, and from N to G, ſhe will make the departure AN. In 
the former, her meridional diſtance, in the parallel where ſne is, is her depature; and in the 
latter, her meridional diſtance is her difference of longitude AN, which is greater than her 
departure in the oblique courſe AG; the departure of which is nearly equal to mo, or me- 
ridional diſtance in the parallel of the middle latitude between N and G,; whence it appears, 
that the departure is a middle quantity between the meridional diſtances of the places departed 
from and arrived at. | 

4. As Py : yG :: PA: AN, or Py : PA:: 8: AN; that is, col. of the lat. 
Radius:: the diſt, of any two places in any one parallel: their diff. of longitude. 

Dem. The radii of all circles are as the circumferences, or any correſponding parts 
thereof, | 

Cor. The miles in one degree of longitude, in any parallel of latitude, is as the R. to 
the coſ. of the lat. Thus R: 60“ (in 150 at the equator :: the coſ. of any lat.: the 
miles in 1® of longitude in that parallel of latitude. 

5. As Pq : PA:: qmo : ALN, that is, coſ. middle lat.: R :: dep. : diff. lon, 

Let AE be the diſtance ſailed, then PS is the coſ. of the latitude, and SR the departure, 

And as R: diſt. :: s, courſe: dep. that is, R: AB+BC+CD, &c. :: $,xAB : xb+ 
ac +bD, &c. Whence by compoſition of ratios, the coſ. middle lat.: Giſt. : : s, courſe: 
diff. longitude. yo 

6. By the 5th proportion, coſ. middle lat.: rad. :: dep. : diff. longitude. 

And by the 1ſt proportion, R: diff. lat.:: t,courſe : departure. 

By compoſition, coſ. middle lat.: diff. lat.:: t,courſe : diff. longitude, 

And diff. lat.: diff. lon. : : cof. middle lat.: t. of the courſe. 

As diff. lon. : diſt. : : s,courſe : coſ. of middle latitude, 

Alſo diff. lon, : diff. lat.:: t,courſe : cof. of mid. lat. 


Of Wxr1GurT's Sailing, commonly called Mtrxcaror's. 


Alſo of the PRINCIPLES of MERCATOR's CHART. 


FF a rectangular piece of paper be turned into the form of a right cylindrical tube, and a 
ſphere inſcribed therein, ſo that the axis of the ſphere and cylinder coincide, and the 
equator to be the line of contact between the ſaid tube and ſphere ; and that all the points 
of the ſurface of the ſphere be transferred to and projected on the concave ſurface of the 
tube: Then if the paper be opended and laid upon a plane, it will exhibit a Naval Chart, 
in which the meridians, parallels of latitude, and rumbs, or loxadromics, are all truly and 
geometrically projected in right lines. | 

By the 4th propoſition above, is demonſtrated, that the coſ. of any lat. R:: diſt. of 
any two meridians in the parallel: their diff. of longitude. 


(By fig. 21.) Let PAE be a quadrantal arch, P the pole, E a place at the equator, and 
C the center of the earth. 
1. As CO: CA:: CE : Ck, that is, coſ. lat. R:: R: ſecant of the latitude. 
2. CO: OA :: CE : Ek; that is, col. lat.: s, lat.:: R: tan. of the latitude. 
Alfo, becauſe the triangles VCz, and TCE are ſimilar, their ſides are proportional. Thus 
PC is parallel to TE, therefore the PC Y = CTE, (by Theo. 3. and 22. which ſee.) OP 
| 3. An 


CH). 
3. And Pt : PC:: EC: ET; that is, the tan. of an arc: R:: R: co-tangent. 
Name. In any proportion where the iſt and ad, or iſt and 3d terms, are the ſame as 
thoſe in any other proportion, that you may take the two terms in one proportion, and caſt 
off the terms which have the ſame ratio in the other; by which you may generally have the 
radius for the iſt term; which in ſpherical trigonometry will be very advantageous. 


To find the meridional parts to any degree of latitude. 


Rule. As the miles in 1 of longitude in any parallel of latitude : 60, the miles in 19 of 


longitude at the equator : : 60” the enlarged degree of longitude in the parallel: the en- 
larged degree of latitude, or meridional parts for a degree in that latitude. 


Note. That half of the degree of latitude is to be reckoned to or towards the South, 
and the other to or towards the North of the given parallel, 


Thus R : col. lat. 50 9,8080675 
: log. of 60' =1,778151 
: 38,567 = 1,586218 
Hence the miles in 19 of longitude in the latitude 509. is 38,57, miles. 
As 38',567 : 60' :: 60' : 93',34, the meridional parts in 1* from lat. 49% to 530: 
Or by the 1ſt proportion above, R: ſec. lat.:: 60 the minutes in 19 of longitude : the 
meridional parts in 1® of that latitude, 


Thus (R = 1) by natural numbers, As 1: 1,55572 : 60 : 93,3434 meridional parts. 
By artificial numbers, As 10: 10, 19193 the ſec. of 509. lat. 
; : log. of 60 1,77815 
: mer. pts. for 49% to 50%; 93, 345 = 2, 9 7008 
R : ſec. 60 10, 30103 lat. 602, 
:: 60' lon. 1, 77815 
: mer. pts. in 1 = 1202 2,7918 


Remark 1. That the tables of meridional parts are (compoſed of) a collection of the 


ſecants of each degree and minute of latitude. 
2. 3600? 69,08 = 24868, 8 Engliſh miles round the earth. 


3. 69/,08 : 60“ :: 24868, 8: 21600 nautical miles circumference. Hence 6875, 55 the 
nautical diameter, and 3438 the Radius. 


MER CAT ORS SAILING. 


EC AS: B.-L 
HE lat. and lon. of two places being given, to find the courſe and diſtance between 


them. 


Required the courſe and diſtance between the Lizard, in the lat. of 497.57 N. and Port- 
Royal in Jamaica, whoſe lat. is 18. N. and lon. 7 19. 2 W. from the Lizard. 


Cape Lizard, lat. 49%.57'N. | [Meridional parts 3470 Diff. lon. - - 712.2“ 


Fig. 30. 
Port-Royal - 18. oN. 1098 = 1g. 30 


Proper diff. lat. 31.57 
| O 
Miles = 191 7 proper diff. lat. 
As Mer diff. lat. 2372 =co-ar. 6,624885 
: R.:: diff. lon. 4262= 3,6296113 
t. courſe 60. 542 10,2 54498 


Mer. diff. lat, 2 3 721Diff. lon. in min. 4262 _ 


— 


Fig. 31. 


WORE 4 
R: diff. lat. 1917= 3, 282622] Or thus, As col. courſe 60e. 54'= 9,636936 
: ſec. courſe 609.54'= 10, 31306 2 : diff. lat. 1917 =9,282622 
by)! : diſt. 3942= 3,595686 :: R : diſt. 3942=3,5905686 
The Meridian AB, is the proper diff. of latitude, and AD, the meridional diff, of lat. 
AC, the true diſtance, and AE, the enlarged diſtance, _ | 
BC, the departure, and DE, the diff. of lopgitude. 
CAB, the angle of the courſe. ws | 
By Middle Latitude. 
As diff. lat. 1917= 6, 717378 


Lat. Lizard = 49% 57” : Diff. lon, 4262 3,629613 
Lat. Port-Royal 18. 0% : Coſ. mid. lat. 3 3. 387 = , 918702 
; Sum -67 .57 — 1 Tan. courſe 6131 = 10,265693 


RED And col. courſe 619.31' = C0-ar, 0,321573 
: Diff. lat. 1919= 3,2826222 


:: R : diſt. 4020= 3004195 


um is middle lat. 33 .58 + 


| By the Traverſe Table. 

Find the meridional parts, and the longitude, in lat. and dep. columns, and then find the 
difference of latitude in lat. col. and you will have the courſe $.61*W. and diſt. 3950 miles, 
taking the diff. of lat. as a mean between 18,9 and 19, 4, which gives 39,5; and each of 
theſe multiplied by 100, gives 39 50 diſt, 3455 dep. 1915 lat. which is much nearer the truth 
than middle latitude, and ſufficiently near for any diſtance and courſe. 

N. B. That the latitude and meridional parts are always to be found in lat. col. and the 
departure and longitude in dep. col. the courſe at the top, when leſs than 4 pts. if more, 
at the bottom of the table: Alſo that diſt. lat, and dep. are always to be found adjacent to 
each other, and in the ſame horizon line; and the like of meridional parts and longitude. 


CASE II. 
The courſe and diſtance failed from a known latitude being given, to find the difference of 


latitude, and difference of longitude. 
A ſhip from the lat. of 18 N. failed NGO. 34 E. 3942 miles: Required the lat. come to, 


and how much ſhe has altered her longitude, 
1. As R: diſt. 2942= 3,595717]. 2. : R: mer, diff. lat. 2372 = 3,375115 
>: Coſ. courſe 60.54 = 9,686935 : Tan. courſe 609. 54'= 10, 2 54462 


__ Proper diff. lat. 1917 = 3,282652] _ : Diff. lon. 4262 = 3,629577 _ 


By Middle Latitude. 
The proper difference of latitude is obtained as above; therefore to find the difference 0 
longitude, | | 


As coſ. mid. lat. 33% 58 T =co-ar. 0,08 130 


: Tan. courſe 609% 54 = 10,254.46. 
:: Diff. lat. 19172 3,28262 
: Diff. lon. 4153 3,01838 n 
Ditto by mer. 4262 
Error of lon. 109 2 d 
| By Traverſe Table. | | 
Over the neareſt number of degrees to the courſe, which is 619. find 39 in diſt. col. then 
becauſe the diſt. is 3942, I take 3950, which anſwers to, or gives, the mean of the diff. d 


fat. 1915; now look for the meridional parts 2372 in lat. col. and you will have 4270 in 
dep. col. the diff, of longitude, which is ſufficient for the purpoſe, 87 


0 72 ) 
The courſe and both hütades given, #0 find the dae and difſee f longitude: 

e and both Fati given, to the di and difference o itude - 
A ſhip from the lat. 490. 40 N. under the meridian of the Lizard, made her way good to 


the equator, with the courſe S. 6. W. Required her diſt. ſailed, and diff. of longitude. 


— 


Lat. from 49%.40/N : Cof. courſe @ =0,002386 . 
* 1 2 : diff. lat. 2980 3, 474216 
2980 proper diff. lat. : R;: dit. 2997 = 3,478 
N 344 mer. diff. lat, | : R : mer. diff; Jat. 3443 = 3536937 
the + of 499.40" Is YT : : tang. courſe 6?. = 9,021620 
the mid. lat. 24 .50 | 2 diff. lon. 361,9=2,558557 


By Middle Latitude. 
| The proper diff. of lat. as above. 
For diff. lon. As coſ. mid. lat. 24% 50'= 0, 42138 
: tang. courſe 6%, 9, o2 1620 
: : diff. lat. 2980 = 3,474216 
: diff. lon. 345=2,537974 


By Traverſe Table. 
Under 62. and againſt 29,8 lat. is 30 diſt, hence the diſt. is 4000 miles. But if the diff. 


lat, be taken in the laſt col. of lat. under 69. the diſt, will be 2995“; which is only 2“ lefs 


than the diſtance by Mercator's .method of computing; and the former is 3” more than by 
Mercator's. a 


In the ſame col. of lat. find 34, 4, and againſt it, or for it, you will have 3,6 or 3,66; 


but as the meridional parts are 344, 3, the longitude will be 366, which is 4' more than 
by Mercator's. 


. 
Both latitudes and diſt. given, to find the courſe and diff. of lon. 
A ſhip in the lat. 108. and lon. 20% E. is bound to a port in lat. 43 N. diſt. 43 53 miles 


in the Eaſtern quarter: Required the courſe and diff. lon. the ſhip has to make, 


Ship's lat. 10*S. | 
K Lat. for 43 N. Mer. Parts * 10 


Diff. lat. 53 2863 
x60 Mer. diff. lat. 3466 
prop. diff. lat. 3180 x 


| 


As Diſt. 4353 = co-ar. 6, 361211 R: mer. diff. lat. 3466 3, 339828 
: R:: diff, lat. 3180 3, 502427 : tan. courſe 435.4 = 9,970668 
: col. courſe 43.4. 292853038 ; diff. lon. 3240= 3.810590 


By Traverſe Table. 
1. Find 43,5 in diſt. col. which is the mean between 42 and 44, and find in lat. col, the 


neareſt number to 31,8, and the courſe will be found to be N.43*E. 


2. Againſt mer. diff. lat. 34,7 is 32,4 lon. in dep. col. which multiplied by 100, gives 3240 


diff. lon, 


QA: 16; 7X; 3 
Given one latitude, courſe and difference of longitude; to find the other latitude, and Fig. 3H 
diſtance failed. : 
A ſhip from the lat. 60*N. failed S. 5 3. 19, W. till ſhe was found to have differed her lon. 
160*W. Required the latitude ſhe is in, and the diſtance ſailed, 


T By 


b * J 
A n 088 0100 from 60*N, mer. pts, 60 
* $3.19 0,0985 24327 . +00! lat. 
2 af. Jon, 1 Hoy =P __ Mer. diff. lat. 7181 1 5 N. 
— col. courſe 53% :19'=9,77025 ee Diff. 2624 ges 75507 in ST 


: Mer. —— 71 — — $4333] | E Sum 1009.01 = 6001” 


— 


As coſ. courſe 53 . 197 2 0,2237411 

: proper — lat. 6001 = 3,778224 

:: R: diſt. 1E = 2001985 

By Traverſe Table. 
Find the numbers to 4? pts. which is nearer the courſe than 53*, it being 7' only too 
great, and 53* is 197 too little 
Thus, over 4+ pts. and againſt 9600 is 7120 
And over 53* and againſt do. is 2238 
Diff. 26/ gives the diff Is mer. pts. 

Now ſay, As 26' : 118 :: 7' : 32 nearly 


Add 7120 
Mer. diff. Tat: 71 52 by which the lat. in, will be found to be 40%02'S. 


: ©... KK. YL 
Fig. 35. One latitude, courſe and departure given, to find the other latitude, and che difference of 


longitude. 
A ſhip from the lat. 4058. failed N. 5 30. 19 E. till her dep. was 8055 miles: Required the 
latitude come to, and her difference of longitude. 


1. As a 535.19 =C0-ar. 9,095853 2, | As R : Mer. diff. 71513 3.854367 
dep. 8055, = 3,906065 : t,courſe 539. 19 = 10, 127887 

22 co, courſe 33.9 — - 0770259 ; f. In 750 — 3.982254 

: proper diff. lat. 6600 = $,778177| 8 
Lat. failed from 4058. Diff. Lon. 3. As coſ. middle lat. 10 0, 06649 
Diff. lat. made 100 N. By Mercator 9600 : dep. 8055 = 3,906065 
Tat. in N. By mid. lat. 8181 £677 K : Alf. lon. 8181 = 3,912714 


Exccls of Tat, 20N;| Diff. 235.30 1419 
= is mid. lat. 10N. 8 


— — 


By Traverſe Table. 
Over 5 35 and againſt 8055 dep. is g. lat. 6060. And againſt 71 51 is 9500, the diff. of lon, 
Over 44 pts. and againſt 8055, is 5980. And againſt 5151 is 9640 diff. of lon. 
Diff. 140 


| Now ſay, As 26' : 140 :: 7“: 38 its proportional part, 
From 9640 | 

Take. 38 
Diff. of lon. 9602 which is ſufficient, being only 2' more than Mercator's. 


S g N NN. 
Both latitudes and departure given, to find the courſe, diſtance, and diff. of lor gitude. 
A ſhip from the lat. 40*N. failed between the S. and E. till her dep. was 8055 miles, and 
by obſervation was found to be in the lat, 60%, Required the courſe, diſt, and diff. Jon. (See 


ti 
8. 35.9 EE 


( 75 ) 


1. As * lat. 6000 =co-ar. 6.221849] 2. As r, 535119 =O og bb gz 
dep. bogs = 2385906065 ; . 8055 = 3,906065 
tan. courſe 53% 19'= 10122914 R Alt. 104452 4001918 


By Middle Latitude, 
3- R. mer. diff. lat. 71502 1 4. As col. mid. lat. 10% 00'= , 06649 


: : t,courſe 53*.19' =10,127817 : tan. courſe 539.19 = 10, 127817 
: diff. Ion. 9597 = 32982123 | : diff. lat. 6000 = 3778181 
E. w* : diff. Ion. 8177 = 3,912617 


The courſe and diſt. obtained as above. 


Diff. lon. by Mercator 9597 
Ditto by mid. lat. 8177 


Diff. = 23*.40' = 1420 error by mid. lat. 


By Traverſe Table. 


Againſt 60 lat. and 80,5 dep. is the courſe 535. and diſt. 100 50. Alſo againſt 7150 is 
9500 diff. lon. 


And againſt 60 and 80, 5 is 4+ pts. diſt, 10100. Allo againſt 7150 is 9640, the diff. lon, 
This proportioned as in Caſe 6. will give the diff. of lon. 9602. 


CAS E VII. 


One latitude, diſtance, and departure given, to find the other latitude, diff. of longitude, Fig. 36. 
and courſe. 


A ſhip from the lat. 10*S. failed between the S. and W. 4353 miles, ſhe departed from 
the meridian 2973 miles: Required the latitude come to, and diff. of lon. 


3 


As diſt. 4333 6, 361211 As ,courſc 43.05 , 165541 
R: dep. 2973 3242319140 : dep. 2973 = 3473195 
: 8, courſe 43%.05' = 9,864406| : : col. courſe 43%05'= 99803537 


: Proper « E lat. 3179= 3,502273 
Lat. failed from 109.00'S. = 0603] : R: mer. diff. lat. 4300 = = 3,033468 
Diff. lat. made 32. 59 8. 2 t, courſe 43.08 = 97070922 


Lat. in 62 . 59 S. = 4903| : diff. Ion. 4922 =3,604390 
Merid. diff, lat. - = - 4300| 


Or thus, As cof. courſe 43% 05'=0,1 36462 By Middle latitude. 
: s, courſe 43 .05 =9,834460 : col. mid. lat.'36%.29'=0,094728 
: : mer. diff. lat. 4300 = 3,633468 tan. courſe 43.03 9, 970922 
: diff. lon. 4022 = 3,604390 : diff. lat. 3179 = 3,502273 


a lon. 3698 = 3,567923 


Lon. by Mercator 4022 
5 by mid. lat. 3698 


Diff. 5.24. 324 error by mid, lat. 


By Traverſe Table. 
Againſt diſt. 4353, and dep. 2973, is 3180 diff. lat. and over theſe is the courſe $.4.3*W. 


1 Allo againſt mer. diff. lat. 4300 is 4020 diff. of longitude. 
a Thus, againſt 43 diſt. and dep. 29,3 is 31,4 lat, Alſo the courſe 435%. theſe proportioned 


will be as above. 
To 


( 7* ) 


To make a Pr ANR Cranr, and to prick off the Place 
of a Ship in it. a 


Firſt, OU are to reſolve on the ſize the plan is to be, and what particular parts of the 

earth's ſurface is to be laid down in it ; whether it is to be a chart of uſe in prick- 
ing off the places of a ſhip each day (at noon) as ſhe paſſes from one port to another, or if it 
is to be a general chart, or eye-plan of the ſituation, &c. of places; ſuch charts may be laid 
down with 109, in an inch, both in latitude and longitude, or meridional diſtance, 

Theſe charts may be laid down by a ſcale of ro equal parts in an inch, when each part denotes 
1*. and each part on the 20 ſcale + a degree; and each part on the 40 ſcale + of 12 This 
chart will not be much defective in places between the equator and 24 degrees of latitude 
North and South, but very erroneous in greater latitudes, where the Mercator's projection is 
to be uſed, or ſome projection of a ſpherical form. 

To conſtruct the chart. 

1. Draw a line with a pencil near the middle of the paper, to repreſent the meridian. 

2. Mark ſome point in it, from which the latitudes are to be ſet off (%, and draw a line 
_— that point perpendicular to the meridian, for the Eaſt and Weſt line of meaſures of 
the chart. 

3. Set off from the point (®) 105 20%, 30, &c. each way, both in the meridian, and in the 
Eaſt and Weſt line, and draw lines parallel to the Eaſt and Weſt line through each 10˙ñ, to 
repreſent parallels of latitude; draw alſo lines through each 10 of meridional diſtance, pa- 
rallel to the meridian firſt drawn, which will alſo be meridians of the different degrees of 
fongitude. | | | 

But more generally plans of this kind are laid down in the following manner : 

1. Having got the ſize of the paper, and the degrees of latitude and longitude of the parts 
to be laid on it; deduct 1+ or 2 inches from the length, alſo from the breadth of the paper, 
and then ſay, If the number of degrees to be laid down on the plan, whether of longitude or 
latitude, require ſuch a number of inches, what will 1, 2, 3, 4, 5, 10, &c. degrees require 
in inches and parts of an inch; which being done, draw a meridian near one ſide of the 
paper, and an Eaſt and Weſt line near its bottom, and ſet off the degrees of latitude and 
longitude in theſe lines, and draw the other meridians and parallels of latitude ; and then ſub- 
divide the meridians on the Eaſt and Weſt ſides, alſo the longitude lines at the top and bottom 
into ſingle degrees; and if the ſize of the ſcale will admit, divide them into + and + degrees: 
In ſome plans the ſmall diviſions are each a minute; and in others they are each 5 or 19 
minutes, according to what is required to be ſhewn by it. 

Having numbered the latitude lines on the ſides of the plan, and the longitude lines at the 
top and bottom; and wrote on the Eaſt ſide of the firſt meridian, Eaſt longitude ; and Welt lon- 
gitude on the Weſt ſide; then lay down the places of ports, headlands, capes, &c. and 
draw the ſea · coaſt: You are then to fix on the point or points from which you are to draw 
a compaſs, or any requiſite number of them, according to the extent of the chart. 

Note. The points of the compaſs may be accordingly obtained by continual biſection; 
that is, having drawn a circle and its two diameters perpendicular to each other; then biſect 
each quadrantal arc, and draw the N. E. S. W. and the N. W. S.E. rumbs, and then biſect 
the remaining arches, and draw the N. N. E. S. S. W. and the N. N. W. S. S. E. alſo the 
W. N. W. E. S. E. and E. N. E. W. S. W. and then biſect the remaining arcs, and draw the 
relidue of the points or rumbs (as in the chart, No. 1.) and the plan will be finiſhed. 

1. Remark. That the degrees of latitude, and of meridional diſtance, in plane charts, are 
equal to each other; therefore they are both to be meaſured by the ſame ſcale, or line of 
meridional diſtance, 


2. The names of places to be wrote towards the mark which denotes the place. 


MER 1 


MERIDIONAL PARTS. 


_—_ 
1 


| 


5 
300, 4 
301,4 
302,4 
303, 4 
304, 4 
305,4 
306, 4 
307,4 
308,4 
309, 4 


310,4_ 


L 


| 


311,4 
3125, 
313,4 
3144 
31554 
316,4 
3175 
318,5 
319,5 


320,5 


32 155 
322,5 
323,5 
324,5 


326,5 
327,5 
328, 5 
329,5 


330,5 


325,58 


331,5 
332,5 
333,5 
3345 
335,5 
336,5 
33755 


421,1 
422,1 
42351 
424,1 
425,1 
126,1 
42751 
428,1 
429,1 
430,1 


431,1 


432,1 


4.3442 
13572 


9 


481,6 


482, 6 


43351 493,7 


. 


= 


$4232 


34553 


6 546, 3 16 


$4753 
548,3 
549,3 
558873 
551,4 


$5234 


55374 
55454 


556,4 
$574 
558,4 


55 
561,5 


543,3 60 
6 544,3 6 


5554 [6 


559,4 6 
8 |5 


565,5 
566,6 


562, 5 6 
563,5 
564,5 6 


— «ꝙQ— 


OO Garen 


MERIDIONAL PARTS. 


3 - = 
EN CE ee TI 28 EE RL 
7 725,3 786,8 848, 5 [910,5 972, 81035, 109,2 15 Wes 1 1375 4 

1 1726,4 [787,8 |849,5 [911,5 | 9739] 1030, 3 1099, 3 18 5 d e Wye 1mr i 

| 2 | 727.4 788,8 [850,5 [912,6 974,80 1037,4| 1100,3 7 1228, 1292413589 f 

3 728,4 789,9 851,913, | 975,9] 1033,4] 1101,4 Er EN 3 
| 4 729,4 790 45775 9 14 7 19 1 * 7 1230, 4 1294, 5 13595 5 

5 730, 5 [791 , , , 8 110,16 1234 128% 8855 5 

6 [7315 792,9 [854,7 [91,7 97990 041,61 1104.5) 1197 Penn 

7 732, 5 794,0 [855,7 [917,7 980, cf 1042, $20 fee rane ties 

8 „5 795, o 856,7 [918,8 981, 11043, 71106, , 1121282 

JE ee eee 

IO [73595 [7970 [858,8 [920,0. ' l 1728.8 77010 728 = 
157% Je: de ng 8 0e 118 14 1237.9] 102;0 1360, 

12 17379 $7991 I, , 88. 1 415 7 17 84733841383)73877 

13 [7390 8151 22 $9233 98 3 ** 1176, 3 1240, of 1 304, 2 1368, 8 

14 739,6 801, 2863, 0 925, o 988˙5 10892 uy 9 11774124171 130554 136979 

I 5 740,802, 2864, 0 926, o 93 4| 1051, Ru- * e e 

16 741,7 [803,2 865, 0 [927,0] 989, 4 1052,0] 1 ho , = Br Tu. 

I 2,7 |804,2 |866,0 |928,1 | 990,4|1053,1]1116,1]1179,5 48 N 

10 7435 805, 3 867, 1929, 1 991, 50 1054, 1 W L. ye * 8 Nec 

19 744.8 806, 3868, 1930, 1 992, 5 1055, 2 1118, 2 1 125 - $75.1) les 

20 |745,8 [807,3 [869,1 [931,2 | 993,06] 1056,2 1119,2] 1192, = , 411. 125 
21 746,8 808, 4870, 1932, 2 994, 6 1057, 3 1120, 3 1 1270 qe 3706, 

22 |747,8 [809,4 [871,2 [933,2 | 995,60] 1058,3]1121,3 ior 9 l 

e er ee : Fe e ee 

24 749,9 811,4 873,2 1935, Zo] 2 , , 1 © 3 3 * 
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The Uſe of the TasLx of Menipiownar, Pax rs. 


The lines at the top and bottom of the table, numbered from o, 1, 2, 3, &c. are the 
degrees of latitude ; and the numbers under () in the right and left hand fide columns, 
are the minutes of each degree. And the numbers under the degrees, and againſt any 
number of minutes are the meridional parts of thoſe degrees and minutes. Thus the me- 


ridional parts of 10% are 603,1, and of 200. 20“ are 1246,4, and of 49*,57 are 3470; and ſs 


of others, | 
To find the Meridional Difference of Latitude of two Places, 


C AS: 4 
If the latitude of both places be of the ſame name, N. or S. their diff. is the mer, diff. 


of latitude. 
C A S E II. 
If one place be in N. and the other in S. latitude, the ſum of the meridional parts is their 
mer. diff. of latitude, 


To conſtruct Merxcaror's Cuaxrs by a Table of 


Meridional Parts. 

A Table of Meridional Parts to each 5 a, +=: of Latitude. Alſo a Table of the Meridional 
Parts between each Degree of Latitude from 30 to 65 of Latitude, for the conſtructing 
of Mercator's Charts, | 


infinite. 
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Divid. 
M. p 8. 6 is * Lat. 


Lat. 


— — 


| Deg. |, 0 Deg. 


3oto 31 70,0 
457 32 793 


1,17 40 to 4 


1518041 42] 


11942 43 


121 144 45 


1,2345 46] 8 
1,2446 418 


1,26 


1,28 1148 49 
1.22119. 5 


of latitude. 


4. Draw thoſe of longitude to each 35 parallel to each other. 

5. Subdivide the latitude and longitude lines that are to be numbered i into each degree. 

6. Set off the latitude and longitude of each place of note, alſo the ſands, capes, rocks 
and headlands. 

7. Draw the coaſts, the compaſs, the depths of water in fathoms, to be numbered where 


it is known; and the time of high water on the full and change days of the moon, to be 
noted with large Roman figures. 


T 


To find the Bearing and Diſtance of Places in a Mercator $ Chart, 


+16 ASI: 4K: 
When the given places differ only in latitude, take the Age Fey one place to the other 
in the compaſſes, and apply it to the graduated meridian, in the parallels of the given latitudes ; 
and the degrees contained between the Powe of the compaſſes will be the diſtance, _ 


To make a Mezrxcartor's "Chinr, and to ſet off the 
| Place of a Ship every ＋ oe at Noon i in it. 


r. by Gunter ſcale. 


Draw the oo line DAC for the Equator, ad AB perpendicular, to it for a meridian, 
upwards for North latitude z then with your compaſſes take 10, 20; zo, &c. from the line 
EP, and ſet from A fo 10, 20, &c. each way towards D and C, through which points draw 
lines parallel to DE or CF, for meridians, as 10, 20, &c. 
10, 20, 30, 40, 30, 60, Kc. from the line of meridional parts, and ſct theſe extents from C to- 


wards F, to 10, 20, 30, &c. through all which points draw lines parallel to the equator DAC, 
for parallels of latitude, as 10, 20, 30, 40, 30, 60. 


the intermediate degrees and parts on the line CF. Then 
quator DAC, and the meridians DE and CF, and number 
er more places draw the mariner's compaſs, with the rumbs, If you draw meridians and 
parallels in like Ae u beloy the equator DAC, you will have a chart for ſouth latitude. 


2. To make a Mezzxcartor's CaarT by Meridional Parts, 
to be ſet*off from' a Scale of Equal Parts: 


RAW the meridians and longitude lines, by ſetting off in the meridian of the chart 
the meridional parts contained in each degree, from a ſcale of equal parts, proper 
tor the chart; alſo ſet off 607 for each degree of longitude on the Eaſt and Welt lines, and 
finiſh the chart in the ſame manner as above directed. - 


Jo meaſure diſtances in the chart. 
The difference of longitude is to be meaſured on the E. or W. graduated lines. 
The departure and the diſtance are always to be meaſured” in the meridian, by ſetting 
done : et of the compaſſes above one of the given latitudes, and the other foot as much below 
ide other latitude: If both places lie in one Parallel, do in like manner. See the following rules. 


HIS oy” may be drawn by two methods, 


chart. 


( 85 ) 
To lay down Numbers by the Sector, as in Table J. 


1. Open your compaſſes to the propoſed diſtance a 7 o ongitude, and open the ſector 
till that extent reach from 5 to ; oh the line of lines; 

2. Draw the firſt meridian, and ſet off at right. ang 
number them accordingly. 


the ſector cemain at that diſtance. 
ic, _— of longitude, and 


3. Then take off the diſtances of each 5? of latitude, (from 1030 4 and lay them on 
your meridian line in the chart, and draw lines through each 5 of latitude Ny: the parallels 


(See the 


Then with your compaſies take 


Likewiſe from the line mer. pts. ſet off 
aduate (that 1s, divide) the 
m accordingly ; and in one 


CASE 


(86 ) 
GAD . | | 
When the places differ only in longitude, take the diſtance between the places in the com. 
paſſes, and apply it to the line of longitude z the degrees contained will be the difference of 


longitude. 'The ſame diftance applied to the latitude line, with one foot as much below as 
the other is above the given latitude, will ſhew the diſt, between the places in the given parallel, 


r 

Draw a pencil line from one of the given places to the other, and then take their diff. of 
latitude in degrees and minutes in the compaſſes, from the line of longitude; and apply that 
extent, with one foot in the pencil line, and the other N. or S. of it; move the compaſſes 
ſo that one foot may keep in the pencil line, till the other touch ſome E. or W. line, 
which croſſes the pencil line; turn the compaſſes on the point in the pencil line, to find if 
the other foot will only juſt touch the parallel of latitude line; the diſtance of that point 
in the pencil line, to the point of ſection of the parallel line and pencil line, being taken in 
the compaſſes, and applied to the line of longitude, will give the diſtance required. 


E. 

To find the bearing of places. Lay a ſcale or ruler on the two places, whoſe bearing from 
each other is required; then apply one foot of the compaſſes to the center of ſome compaſs of 
the chart, and make the other foot touch the ruler perpendicularly ; move the compaſſes in a 
parallel poſition, with one foot againſt the edge of the ruler, and obſerve that rumb-line of the 
compaſs, in which the foot from the center moves in, or neareſt to; which rumb will 
ſhew the bearing required, 

Or, apply a parallel ruler to the given places, and move its fiducial edge, parallel-wiſe, 
till it cut the center of a compaſs, and that edge will ſhew the bearing by that compaſs. 

In like manner the bearings and diſtances of ports, ſands, capes, rocks, &c. may be 

found, from any place of a ſhip denoted in the chart. 


To make a Rrpvced CHART of the Britiſh Channel. 


Y a Reduced Chart is to be underſtood a chart nearly ſimilar to Mercator's. The prin- 
ciples are as follow: 
1. The meridians are to be drawn parallel to each other, and the degrees of latitude equal, 
2. The longitude lines are to be drawn parallel to each other, acroſs the chart, to each 
degree, or to each 5 or 10 degrees, according to the ſcale of the chart. 
Suppole you are to draw a þ 4 of the Britiſh Channel, which is to be contained between 
The lat. of 48*N. and lon. 29.30'E. 
And the lat. of 52*%N. and lon. 75.30 W. 


Extent of the chart in lat. 4* in lon. 109.00 


| Theſe degrees of latitude and longitude are to be laid down on a ſheet of paper, ſuppoſe 

20 inches long by 143 you are to ſet off for the margin, and for the lines (or ſcales) of the 

degrees and minutes of latitude and longitude about + of an inch round the border, and then 
you will have 18,5 for longitude, and 12, 5 for latitude. 

Now if 10* lon, require 18,5 inches, what will 1® require? Anſwer, 1,85 inches for 1f 

of longitude, 

To find what 12 of latitude will require. * 

The middle latitude of the chart is go, and the minutes in 15 of longitude in that latitude WR 

is 38',567 : If 38/,567 require 1,85 inches, 60” will require 2,88 inches for 1“ of —_— I 


: = W 
| 7 
— £ © 


af 


G 
But if the ſcale of the chart be double to the above, then 1* of longitude will be equal to 
2,7, and 19 of latitude equal to 5,76 inches. | 

Draw a line acroſs the bottom of the ſheet, and another perpendicular to it, on the Eaſt 
ſide for a meridian z draw another meridian on the Weſt ſide, and a longitude line at the top; 
divide the fpace between the Eaſt and Weſt meridians into 10 equal parts, and draw black 
lead pencil lines of [latitude ; then biſect each diſtance of theſe degrees of longitude, and 
draw ink line meridians, and reckon from the Eaſt fide of the chart 2. 30“ Weſterly, and 
number that meridian (o) for the firſt meridian, or that of London. Number the other meri- 
dians 1, 2, 3, &c. towards the Weſt, and number thoſe towards the Eaſt ;, number alſo ſuch 
other intermediate meridians as you think neceſſary for conſtructing the chart. 

The parallels of latitude muſt be drawn to each de of latitude, and numbered; and 
the intermediate parallel may be drawn with a black lead pencil to each 10” of latitude, 
which may be rubbed out after the plan is finiſhed. 

The principal places are to be marked in the plan, as they are in latitude and longitude 
in the beſt tables you have or can get; which being done, the coaſts, inlets, bays, ſtraits, &c. 
may be drawn by their repreſentation in ſome other chart or charts; alſo draw compaſſes in 
proper places, where ſhips moſtly paſs, and draw a ſcale of diſtance; write the title and 
principles of the chart, with ſuch remarks as are neceſſary, and the time of high water on 
the full and c days of the moon, draw darts with points tending the way the tide flows; 
number the depths of the water in fathoms, and your chart will be properly finiſhed, 


Remarks on the Conſtruction of Charts. 

1. The plane chart can only be of general uſe for places, or parts of the earth, within the 
torrid zone, where the degrees of latitude and longitude are nearly equal. 

2. Mercator's chart may be of general uſe; but notwithſtanding this property, the places 
in it, with reſpect to each other, are greatly diſtorted, having their diſtances enlarged in the 
proportion of the coſine of the latitude to the radius ; where the diſtance in this chart from any 
one place to another, in the parallel of 60 latitude, will be double of the true diſtance ; 
and in the latitude of 30 it will be more than + of the true diſtance too great; that is, ſo 
much more than the diſtance on the globe or ſurface of the earth. (For an occular de- 
monſtration, ſee the Artificial Terreſtrial Globe, where the ſurface of the earth, the meridians, 

ls of latitude, &c. are delineated, nearly ſimilar to thoſe of the earth. 

3. The reduced chart is greatly preferable to Mercator's *, as well as to the plane chart; for it 
is delineated in ſuch a manner as to have the bearings and diſtances of places nearly true; 
which will appear by what follows : 

Suppoſe the chart is to be made of a part of the earth from 24® to 30? latitude, and from 
10? to 30? longitude. () | 

In the lat. 24® are 54,8 1 in 19 of lon, 

And in lat. 30 are 51 ,96 in 1* do. 

Sum 106,77 
Sum is 53,385 the miles that each degree of lon, (in the chart) is to contain; 
Extreme diff. 1,425 8 


If 53,4 gives 1 5 what will 60“ give? 
0 


534084001, 3) the error in 60', when due Eaſt or Weſt, at the extreme lat. of 

the chart, but in or near the middle there is no ſenſible error. | 
(*) The chart is to contain 20° of longitude, or 20 x 53,385'= 106), 7, hence ſet off theſe 
equal parts from a proper ſcale (of equal parts) either the whole diſtance at once, which may 
be done by the beam compaſs (of a ſufficient ſize for the plan), this is the beſt inſtrument 


„When it is made for channels, or ſeas, where the extreme difference does not exceed 2 or 3 miles (error) 
in a degree, or 1“ in 20, it is of little conſequence, p 
1 55 Or 
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for ſuch purpoſe ; but if you have only the common compaſſes to ſet off diſtances with, and 
that you cannot take the whole at once, you may draw pencil lines at the top and bottom 
of the paper deſigned for the chart, and ſet off from one ſide of it a convenient diſtance, 
which ſuppoſe to be 500, the ſame repeat, and then 67,7 3 theſe being ſet off both at the 
top and bottom, draw the other extreme meridian ; divide the longitude line into four 
equal parts, draw the meridians, and number them 10 15% 20%, 2, 300, &c. theſe bei 
done, you may ſubdivide each 5? into ſingle degrees, + and + degrees; then ſet off 60 for 
each degree of latitude; and the diſtances in the chart will meafure nearly true: For the 
diſtances required to be known from the place of a ſhip (aſſumed in the chart) to any iſle, 
rock, ſhoal, cape or coaſt, are rarely deſired to be known at more than 10, 15, or 20 miles 
diſtance z but ſuppoſe it required at 60 miles, the error at that diſtance cannot exceed (if E. 
and W. and in lat. 30% 1+ mile. | NA *% | 

If a chart of this kind was to be made of a part from the latitude of 50% to 60?, then 


15 lon. in 50% 18 30%, 57 l xa ow 1 
And 1“ lon. in 60 is 30 28) diff. = 4,28 the error in 34' E. or W. 


Mean 34 ,28 whence the greateſt error is 1“ in 84. 


5 600 gives 30“ to 121 4 diff. 2,8, hence 1“ error in 9“. 
Suppoſe the lat. 60 and 66, chen 66 gives 24,4 | where it is the greateſt, , 


Mean 27,2 


Suppoſe the lat. 66® and 700 then 66 gives 24,4 * diff. is 2“ the error in 22“, or 1“ in 117, 
And 70 20,4) and the like of any other. 


— 


Mean 22,0 


— — 


Note. If 60“ gives 15 error, then 40“ gives 1 error, and 1“ will give 46 fathoms; 
which ſmall defects are of little conſequence, becauſe in theſe circumſtances, the pilots al- 
ways keep the ſhoal- water lead going. | 
| Remark. That the great uſe of ſea- charts to mariners is, when they are near ſome coaſt, 
ſand, rock, iſland, or the hke; and when the commander of the ſhip, pilot, mate, or 
maſter, takes the charge of the ſhip under his care and direction, that he conſiders the 
place of the ſhip, the coaſts, tides, &c. He then aſſigns the place of the ſhip in the chart, 
and finds his diſtance and bearing from all places of danger; he therefore finds the courſe 
he muſt make, and the diſtance, and gives orders for the ſhip to be ſteered accordingly. As 
they fail along a coaſt, he obſerves in his chart how near the high-water mark he may fail to 
keep the ſhip in the fair way, or in the proper channel, ſo as keep her clear of rocks and ſhoals. 


To prick off the Place of a Ship in the Chart. 

Lay a long ſtraight ruler on the parallel of the latitude of the ſhip, and take in the com- 
paſſes the meridional diſtances between ſome N. and S. line, and that which the ſhip is in, 
tet that diſtance from the ſaid N. and S. line, where the ruler cuts it, along the edge of the 
ruler, the ſame way as it was taken off, and you will have the place of the ſhip ; make a 
mall prick, and with your black lead pencil, or with red ink, make an (o), or ſmall circle 
round it, and ſet the day of the month by it; in like manner do from day to day. You may 
draw a pencil line to ſhew the courſe and diſtance you have made good. Do in like manner 
with the latitude and longitude 1n the other charts. | 

Having learned the conſtruction and uſe of ſea charts, the next to learn will be, how to find 
the variation of the needle or compals, which may be obtained by comparing the true and 


magnetical azimuths. The magnetical amplitudes and azimuths are obſerved by the compals. 
The true amplitudes and azimuths are obtained by calculation, 


ASTRO- 


| 689) 
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Def. 1. STRONOMY is a mixed mathematical ſcience, by which we learn the know- 

ledge of the celeſtial bodies (ſun, moon and ſtars) their magnitudes, motions, 
diſtances, periods, eclipſes, and their regular diſpoſition ; alſo their longitudes, latitudes, 
right aſcenſions and declinations, which are deduced from obſervations. 

2, Obſervations are made, with proper inſtruments, of the altitudes, azimuths, diameters 
and 7 diſtances of the ſun, moon and ſtars; and thoſe are neceſſary obſervations to be 
made for the uſe of navigation. 

The firſt and principal obſervation is that, by which is determined the latitude of the ſhip ; 
the ſecond is the azimuth, in order to find the variation of the compaſs. (Of which ee 
P- 34, 35, and the following pages. 


3. The equinoctial, is that great circle in the heavens, which the ſun deſcribes, when he 
makes equal day and night. 

4. The plane of the equinoctial divides the globe of the earth, and alſo the heavens, into 
two equal parts, which are called the northern and ſouthern hemiſpheres. 

5. Declination of the ſun (or other celeſtial body) is its diſtance from the equinoctial, and 
it is meaſured in an arch of the meridian, contained between the center of the ſun, and the 
equinoctial; and if it be on the North of the equinoCtial, it has North declination ; but 
if it be on the South, it has South declination. The like of the moon and ſtars. 

6. Horizon at ſea is the utmoſt limits of our view, where the water and ſky appear to 
meet. Rational horizon, is that plane ſuppoſed to paſs through the earth's centre. 

7. Altitude of the ſun, &c. is its angular height above the horizon (Def. 15, p. 34.) 
Altitudes are obſerved with Hadley's reflecting inſtruments. (Of which ſee my Treatiſe on the 
Longitude, printed in 1773, price 2s. 6d.) 


8. Meridian of a place, is the ſemi-circle conceived to paſs from pole to pole, through the 
zenith of that place. 


9. Meridian altitude, is the greateſt altitude the ſun (moon, or ſtar) can have on any one 
day at the ſame place. 

10. Zenith diſtance is the complement of altitude to 9@®, or what will make the altitude 
90 that is, the degrees and minutes of altitude taken from 90%, leaves the remainder, which 
is the zenith diſtance, or Z. D. 

11. Zenith, is that point in the heavens right over our heads, and it is every where 90? above 
the true horizon in every direction: Nadir, is the point diametrically oppoſite to the zenith; 
therefore 90? below the horizon. 


12. Azimuth circles, are thoſe vertical circles conceived to paſs from the zenith, and to 
interſect the horizon at right angles. 

13. Azimuth of the fun, moon, or ſtar, is its diſtance from the meridian ; which is mea- 
ſured by an arch of the horizon contained between the meridian and the azimuth circle that 
paſſes through the ſun, moon, or ſtar : Theſe horizontal arches are meaſured by the azimuth 
compals. | 

14. Amplitude, is the complement of the riſing or ſetting azimuth, and it is always 
reckoned from the Eaſt in the morning, and from the Weſt in the afternoon. 

Note. The true amplitude is always of the ſame name with the declination, (See Def, 
22. p. 42. of my Treatiſe on Longitude.) 


Of Amplitude and Azimuth Obſervations of the Sun and Moon. 


15. Magnetical amplitude, is the degrees and minutes the center of the ſun, &c. is obſerved 
to riſe or ſet iroum the direction of the Eaſt or Welt points of the compals. 
Z 16. Mag- 


Note. In this Treatiſe, we have denoted the middle of an apparent Surface (as the ſun's) by center; and 
the middle conſidercd as a ſolid, by ccutie. 


( 90 ) | 

16. Magnetical azimuth, is the degrees and minutes obſerved between the North or South 
points of the compals card, and the vertical circle the fun or moon is in, by the compass. 

17. Variation of the compats, is an arch of the horizon contained between the true and 
the magnetic North; which quantity is equal to the difference between the true and macneti- 
cal azimuth. _ | 

18, Daily variation of the ſun's declination, is its increaſe or decreaſe of diſtance (or de- 
clinaticn) from the equincctial (Def. 5.) made between the noon of one day and the noon of 
the ſucceeding day. | | 


Art, 1. To find the variation of the needle by amplitudes, you muſt know the latirude 
1 are in, the declination of the ſun, and the magnetic amplitude; then find the true ampli- 
tude. 
To find the true Amplitude of the Sun at its riſing and ſetting. General Canon. 

As the coſine of the latitude : R:: ſine of the ſun's declination : the fine of the true 
amplitude, which is of the ſame name as the declination ; that is, when tle declination is 
North, the riſing amplitude will be North from the Eaſt; but the ſetting amplitude will be 
North from the Weſt. When the declination is South, the riſing and letting amplitudes will 
be South from the Eaſt or Weſt points of the horizon. 

2. To find the true amplitude of the Sun. 

The ſun's declination at the time of its riſing or ſetting, ſhould be found; but if the decli- 
nation at noon be taken (and uſed), it may give the amplitude ſufficiently near for to be 
compared with obferved amplitudes, in general. | 

But when the obſervation is made by a good artiſt, and with a good compals, ſo that the 
variation be required to the greateſt accuracy, then the declination ſhould be found to the 
time of the obſervation reduced to the time then at Greenwich. (Of which ſee my Sca- 
Officer's Companion, 2d Edition.) 

3. If the true and the magnetic amplitudes be both North, or both South, their difference 
will be the variation; but if one be North and the other South, the ſum will be the variation. 
To find which Way the Variation 15, by Amplitudes. 

4. Find the place of the true amplitude on the card, and then note, if the magnetic am- 
plitude was. obſerved towards the right hand of it, the variation is Weſt ; otherwiſe it is Eaſt. 

Note. The cards of amplitude and azimuth compaſſes are numbered from the N. and S. 
points, to the E. and W. points, 10, 20, &c. to go? each way. It ſometimes happens that 
azimuths are obſerved on both fides, the E. or W. point of the compaſs, the ſame morning 
or evening, which circumſtance ſhould be regarded ; and that you continue to reckon the 
ſucceeding azimuths, from the ſame meridian, and particularly when you propoſe to take the 
mean of them, in order to compute only one azimuth to be compared with the mean of them 
obſerved. (See examples in p. 99.) 

5. A General Rule to find which way the Compaſs varies, by azimuths. 

Of Azimuths obſerved in the Mornings, or Evenings. 

Note. 1. When the latitude is N. and the azimuths are obſerved from the S. point of 
the compals, ſubtract each obſerved azimuth from 180% and the remainder will be the mag- 
netic azimuth, obſerved from the meridian of the ſame name as the latitude. 

2. If you are in S. lat. and the az. obſerved be from the S. then ſubtract both the true 
and the obſerved azimuths from 180®, the remainders will be the azimuths from the North; 
but if the azimuth be obſerved from the N. ſubtract the true az. from 180?, the remainder 
w1ll be the true az. from the North. 

Remark. That the true and obſerved azimuths muſt always be reduced (as above directed) 
to their bearing in reſpect of the ſame meridian, which in this Rule and Articles are adapted 
for the North. 

3. Then, if the obſerved az. be greater than the true az. in the mornings, or leſs than the 
true in the evenings, the diff. is the var. W. but if the obſerved az. be leſs than the true in 
the mornings, or greater than the true az. in the evenings, the diff. is the var, E. (See p. 99.) 
A TABLE 
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5 9 22.07 [14.410408 2.68117; 36 23.01]22.17]15. 3905. OO 6.30]17.09 22.56 [ 
| 10 [21.58 [14.22|3.44 | 8.17]17.51;23.06]22.10[15.2114.38 6.9 17.20 [23.01 19 
11 21.49 [14.02 3.21 [8.39 18. 06 23.10 22.020 15.034. 15 7.22 17.42 [23.06 1 
12 [21.40 [13.421 2.57 9.0118. 2123. 1421.531443 3.52 7.44 17.58 23.10 | "TU 
13 [21.30 [13.22[2.33 9.220 18.36 23.17|21.44|14.26;3.29 | 8.07[18.14 [23.14 ; 4 
| 14 21.19 [13.02 2.10 | 9.44018. 5123. 200 21.3 5 14.073. 06 8 2918.30 23.18 Wy. 
15 [21.08 [12.41 1.46 [10.05] 19. 19.05 23.2202 1.26 13.480 2.4.2 8. 5218.45 23.21 105 
| 16 20.57 [12.2 101.22 10. 2619.17 23.242 1. 16013. 3002. 19 9.14| 19.00 [23.23 | Wt 
17 |20.40 |12.00]0.59 [10.47[19.32]23.26|21.05|13.10|1.55 9.30]19.14 [23.25 ket 
18 [20.33 [11.39]0.35 | l11.00| 19.45! 23.27|20.55| 12.51] 1.32 9.57|19.28 [23.26 | 6 4 
19 20.21 [II. 170. 11 811.29 19.580 23.280 20.44 12.31 1.0 10. 1919.42 [23.27 1 
| 20 20.08 [10.56]@.13N|[11.49]20.10|23.28|20.32|12.1110-45 10. 4119.56 23.28 . 
: 21 19.55 10. 3400.36 12. 100 20.22 23. 280 20. 200 1 1. 5 10. 22 N|11.02|20.09 23.28 N 
122 19.41 [10.13.00 12. 30 20. 3423.27 20.080 11.3 100.02 811. 23 20.22 23.27 1 
3 23 19.274] 9.51]1.24 12. 50 20. 45 23.2619. 56 11. 1000.28 11.44 20.34 23.27 . 
; 24 19.13 | 9.29]1.47 [13.10]20.56{23.25| 19. 43] 10-50 0.48 12.05 20.46 [23 26 (ha 
5 25 18.58 | 8.07]2.11 113.29]21.07| 23.24] 19.30, 10.29] 1.12 |[12.26120.57:|23-24. 1 
| b 26 [18.43 | 8 44 2.34 13.480 21. 1723.22 19.17 10.68 1.35 12.46 21.09 [23.21 11 
. 27 18.28 | 8.212.358 14.02 1.2723. 19 19.03] 9.47 1.58 13.062 1.192 23.18 41 
5 28 [18.13 | 7.59]3.21 |14.26|21.37|23.16|18.49 9.260 2.22 |13.26|21.30 [23.15 ly 
1 29 117.57 | 7.363.45 14.442 1.460 23.130 18.35 9.04 2.45 13.46 21.40 [23.11 1 
: 30 [17.40 4.0 18.321. 5523.09 18.200 8.43|3.08 | 14.00]21.49 [23.07 
= | 31 17.24 4.31 22.034 18.050 8.21 | 14.25 2 3.02 


the day. 


Article 1. It is uſed for finding the latitude of a place. 
2. It is uſed for finding the time of the day, in a known latitude, where the longitude is 
nearly known, ſuppoſe within 15 or 2099. 
3. In finding the altitude or azimuth of the ſun in a known latitude, at any time of 


The Uſe of the TABLE of the Sun's DECLI NATION. 


A TABLE 


( 92 ) 
A TABLE of the Sun's DrciinaTrIon for the Vea, 1777, 1781, 1783, 


and 1797, being the Firſt Years aiicr Leap Year, 
| Mo. |. Jan. | Feb. | March. | April.] May. June | July. | Aug. | Sept. | Oct, 
Day. South South] South North.| Fort North. North. North. | North. South South 
„„ c OO oe 2 ES 2 7 0 7 
1 |22.58]16.54| 7.19 | 4.480 15. 1622.09 23.0617. 55] 8.05 | 3.26 
j 2 |22.52[16.37| 6.56 5.1115. 3422.17 23.020 17.39] 7.43 | 3.49 
3 |22.46|16.19| 6.33 5.34|15.51|22.24|22.57|17.23| 7-21 | 4.12 
4 |22.40|16.01| 6.10 5.57] 16.09122.31| 22. 52 17.07 6.59 4.35 
5 22.331542 5.47 6.200 16.260 2. 3822.46 16.57 6.375 4.58 
6 22.2615.24 5:24 6.42 16.4322. 4% 22.40 16.35 6.14 5 2216. | 
7 22.18 15.05 5.00 7.0 5 16.59 22. 50 22. 3416.18 5.52 5.4516. ; 
8 22.10 14.4 4.37 7.2717. 1523.55 22.27 16.00 5.29 6.08 16.47 22.49 
9 22.01 14.27] 4.14 7.49 717.3 103. 000 22. 19 15.43] 5-06 6.300 17.04 22.55 
10 21.52 14.07 3.50 [ 8.121.473.2212 1.26 4.43 (5.53172 1023.00 
11 21.42113.47 3.27 8.33] 18.020 f. 09 22.041 5. 8 4.21 | 7.161738 23.05 
12 21.32 13.27 3.03 8.55] 18.17/23. 13 2 1. 56 14.50] 3.58 | 7.38|17.54|23.09 
13 [21.22 113.07 2.39 9.17 18.32 23.166 21.4/% 14-31] 3.35 8.01018. 10 2 2,13 
14 [21.11]12.47] 2.16 | 9.39] 18.47]23.19|21.38| 14.13 3-12 8.2318.2 523.17 
15 [21,00|12.26] 1.52 [10.00] 19.01[23.22|21.28| 13.54 2.48 | 8.46|18.40]23.20 
16 120.49|12.05| 1.28 10, 21019. 102 3.242 1. 180 13.35 2.25 9.0818. 56 23.23 
17 [20.37 11.44] 1.05 10.420 19.2802 3.2 5 2 1.080 13.16 2.02 9.300 19.11 23.25 
18 20. 2411.23 0.41 11.0319. 41023. 27 20. 58 12.56 1.39 [9.219.250 23.26 
19 20. 1111.01 o. 17 811.2419. 542 3.280 20.47 12.37] 1.15 10. 13019.39 23-27 
20 19.5810. 40 o. oN II. 44 20.07% 3.28020. 3612.17 0.52 10.3 619.82 23.28 
21 19.45 10. 18 0.30 [12.04 20. 19023. 280 20.24 11.57 0.29 10. 5620.05 23.28 
22 [19.31 9.56 0.54 12.24 20. 3 1023. 280 20. 1211.37 o. o5 N11. 1720. 1823.28 
23 [19.17] 9.34] 1.17 12.44/20. 4202 3. 27 20. 00 1 1. 16 0. 19 811.3920. 3123.27 
2419.02 9. 12 1.41 13.04 20. 5 302 3.260 19.47] 10.56] 0.42 12.00 20.43 23.26 
25 18.47 8.50] 2.04 13.242 1.4 3.24 19.34 10.35] 1.05 12.2120. 5523.24 
26 [18.32 8.27 2.28 13.43 21. 14/2 3.2219. 2 10 10. 14] 1.29 12.4102 1. 06 23.22 
27 118.17] 8.04] 2.52 14.0221. 2402 3. 200 19.07 9.53] 1.52 13.01021.17 23.19 
28 [18.01] 7.42 3.15 14.2121. 3402 3.17 18.530 9.32 2.16 [13.212127 23.16 
29 17.44 3.38 14.392 1.430 23.14 18.39 9.11] 2.39 113.4102137 23.13 
; $0: 17.28 4.01 j14.58|21.52123.10j18.25 8.49 3.02 |14.01]21.47]| 23.09 
nn 4.24 | 22.01] 18.10 8.27 14.20 | 23-045 


To find the Declination of the Sun at any Time and Place. 


Art. 4. Take out of the table the declination for the given year, month and day; and 
if the longitude you are in exceed 10?, the declination muſt be corrected thus: 
5. Convert the degrees of longitude, from the meridian of Greenwich, into time, at the 
rate of 4' of time for each degree; or 1h. for 15*; and 1' for 15' of longitude. 
6. If you be in W. longitude, add the converted time to the time where you are, and the 
ſum will be the time at Greenwich; but if you be in E. longitude, ſubtract it, and the re- 
mainder will be the time at Greenwich (or at the meridian of Greenwich) which time mult 
always be uſed, to enter Table II. with in p. 95; in the firſt col. and againſt that time, or 


the 
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= 4 TABLE of the Sun's Dectination for the Years 1778, 1782, 1786, 1890, 1704. 
| - and 1798, being the Second Years after Leap Year 72 "fe 49k 
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| Jan. | Feb. | March. April.] May. Tune. | July. Aug. | Sept. | Oct. | Nov. Dec. 


Bay. South South South pon North North] North North North [South South [South 


0 Fl 0 / W--& 18 7 0 7 O 4 O 7 2 / O / O O / 
22.59]16.59] 7.26 4-41]15.11}22.07|23.07 17.58 8.11 3519 14.34 21,54 
22.54 16.41 7.03 5.04[15.29|22.15|23.03 [17.43] 7-49 3.42 14.5322. 03 
22.48 16.24 6.40 5.27 15.47 22.2222. 5817.27 7-27 | 40615. 1222.11 
22.41 16.06 6.17 5.5016 04 22.2922. 5317.11 7.05 4.29 15.310(22.19 
22.31.48 5.54 [6.131621 22.3622. 4716. 6.43 4.52 15.49 22.27 
22.2815. 29 5.30 6.35 16.38 22.4222. 4116.39 6.20 [5.15 16.0722. 34 
22.2015. 10 5.07 6.58 16.55 22.48 22.3 5 16.22] 5.58 | 6.38 16.2 522.41 
22.12 114.51 4.44 7. 2017. 1122.54 22.28 16.05 5.35 6.01 16.432 2.47 
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22.03|14-32| 4-20 7.43]17.-27|22.59|22.21|15-48| 5.12 .24|17.00[22.53 
21.414.130 3-57 {| $-05117-43123-03|22.13115-30| 4.50 6.47 17.1722. 59 
21.45113.52| 3-33 8.2717. 5823.08 22.061 5. 120 4.27 | 7.10|17.33123.04|. 
21.35 13.33] 3-10 [8.49 18.14 23.1112 1.57 14.54] 4.04 7.32 17. 5023.08 
21.25 13.13 2.46 9.11118.28 23.15 21.49 14.36 3.41 7.35 18.0623. 12 
21.14J12.52J 2.22 9.32 18.4323. 1821.40 14.18 3.18 8.17 18.210 23.160 
21.03 12.32 1.59 9.54118.5723.21121.30 13.59 2.55 8.40 18.37 23.19 
20.5212. 110 1.35 [10-15]19.11|23.23121.21[13.40| 2.31 Nes 23.22 
20.411.500 1.11 10. 3619.25 23.2521. 1113.21 2.08 9. 2419.06 23.24 
20.281 11.29 0.47 10.5719 3823.262100 13.01 1.45 9.46 [19.2112 3.26 
20. 15 11.0% 0.24N|11 18[19.51|23-27]20-49|12.42| 1-22 10.07[19.35123.27 
20.02 10.46 0.00 [11.39]29.04|23.28]20.38[12.22] 0.58 10. 2919.48 23.28 
21 19 4010.24 0. 248 11.5920. 1623.28 20.271 2.02 0.35 ro, 50 [20.02 23.28 
22 [19.35 10.02 0.48 [12.19 20.28 23.28 20. 1511.42 O. II NIII. 1220. 1 5K 3.28 
. 23 [19.21] 9.40 1.11 12.3920. 39 23.2720. 0311.22 0. 128 11.33 [20.27ʃ23.27 
5 24 [19.06] 9.18 1.35 (12.5920. 50 23.2619. 5011.01 0.35 20.3912 3.20 
8 25 [18.5 [ 8.56 1.58 [13 18021.01 23.24 19.37 10.400 0-59 20. 5123.24 
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26 [18.35 8.34] 2.21 |13 38]21.12[23.22|19.24|10.20| 1.22 12.35[21.03[23.22 

27 [18.21] 8.11] 2.45 |13.57[21.22|23.29|19.11] 9.59] 1.46 |[12.55[21.14|23.20 

28 [18:05] 7.48] 3.08 [|14.16[21.33]23-18]18.57] 9.37] 2-09 [13.16[21.24[23.17 

55 29 [17.49 3.32 [14.3421.411 23. 1418.43 9.16| 2.32 [13.30[21.34[23.12 

5 30 [17-33] 3.55 | 14-53]21-52|23-11 [18.28] 8.55 2.56 [13.55]21-44[23.00 
31 [17.16 [ 418 | 22-59] 18.13] 8.33 14.15 2 3.03 | 


the neareſt to it in hours, and under the daily altcration of the Sun's declination, you will 
have the minutes to be applied to the declination that day at noon, under the meridian ot 
Greenwich. | ; 

7, Note. When the declination is increaſing, add the minutes of increaſe for the time 
afternoon at Greenwich; but for the hours that are wanted to noon, or before noon, ſubtract 
the increaſe of declination, and you will have the true declination required, 

Alfo if the declination of the ſun be decreaſing, ſubtract the minutes for the time after- 
noon ; but for the hours before noon, add the decreaſe of declinat on, and you will have the 9 


true declination. 
A a 3. The 
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A TABLE of the Sun's Declination for the Years 1779, 1783, 1787, 1791, 1705, 
#3 1779, being the Third Years be Bal! I» T79t, 1795, and 


No. | Jan. | Feb: March April. May. Jane. July.| Aug. | Sept. | Oct. Nov. Dec. 
Bay. South South South [Norch|NorthſNorth|North] North | North mr South South 
26S SES 43D: 8 "RD © WES & Wy TR” ir BOY 1 J 
[x 23.00|17.03| 7.31 | 4-36115.07]22.05|23.08| 18.02 | 8.16 3.1414. 202 1. 52 | 43 
| 2 22.55 16.460 7.08 4.59 15.25 2 2. 130 23.04 17.47 | 97.54 © 3.37 14.49 22.01 4 
3 22.49 16.28 6.45 5.22 1.42022. 200 22.59 17,32 | 7.32 4. 00 15. 080 2 2.09 Y 
4 22.43] 16.10] 6.22 5.4.5] 16.00[22.28|22.54|17.15 | 7,10 [ 4.23 15. 26022. 18 7 
| 's [22436] 15.52] 5.59 | _6.07]16-17|22.34|22.49] 16.59 6.48 _ 446|15.45/22.25 | 
| 622.29 15:33] 5.36 | 6. 30 16.3422. 410 2 2.430 16.43 | 6.26 | 5.10{16.03 22.33 
| 7 22.22[15,15| 5.13 6.53] 16.51]22.47]22.37] 16.26 | 6.03 5.33 16.21]22.49 
| 8 [22.14] 14.56] 4.49 7.157.722.5222. 300 16.09 | 5.41 | 5.56116.38|22.46 
| 9 22.05 14.37] 4.26 | 7.37]17-23]22.57 22.23} 15.52 5.18 6.19 16.56|22.52 
10 21.56 [4.17] 4-02 8.00| 17.39] 23.020 22.16 15.34 (4.55 6.41017. 13 22.57 
11 21.47 13.580 3.329 8.22 17.55 23.07% 22.080 15.17 | 4.33 7.04 17.9 23 027 
12 [21.37] 13.38] 3.15 | 8.44|18.10/23.11 80 4.10 | 7.27]17.46]23.07 
13 [21.27] 13.18] 2.52 9.05 18.2 5 23. 1402 1. 5 1 14.41 3.47 | 7.49118.02|23.11 
14 21.17 12.57 2.28 9.27 18.3923. 1721.42 14.22 | 3.24 [8.12 18. 1723.15 
15 21.06 12.37 2.04 9.49 18.54 23.200 21. 330 14.04 | 3.01; [8.34 18.33 23.18 
16 20. 54 16.16 1.41 10. 10 19.080 23.22 2 1.23 13.45 3.37 8.56 18.48 23.21 
17 20.430 11.55 1.17 10.31 19.21 23.242 1. 13 13.26 | 2.14 | 9.18 19.03123.23 
18 [20.31|11.34] 0-53 |10.52|19.35|23.26]21.03]13.06 | 1.51 9.400 19.17]23.25 
19 20. 18011. 13 0.30 | 11.13] 19.48|23.27]20.52]12.47 | 1.27; |10.02]19.31|23.27 
20 [20.05 10.51] 0.0658 11. 3320. 00 23. 280 20. 4112.27 | 1.04 |10.24119.45|23.28 | 
21 19. 5210.29 0.18N[11.54/20.13|23.28| 20. 300 12.070. 41 10.451 19.59 23.28 
22 [19.380 10.080 0.41 12. 14.20.25 23.280 20. 1801 1.47 [o. 17 N11. 0% 20. 1223.28 
23 [19.24 9.460 1.05 12.34 20. 36023. 27 20.06 11.27 Jo. o6 811. 280 20. 2423.27 
24 19.100 9.24] 1.28 12.4 20.4823. 26019. 530 1 1.06 | 0.30 11.49 20.37 23.26 
25 [18.55] 9.010 1.52 |13.14120.59123-25119.40] 10.45 | 0.53 12.101 20.492325 
26 [18.40] 8.39] 2.15 |13.33|21.09 23-23 19.27 10.25 | 1.17 12.300 21.000 23.23 
27 [18.25 8.16 2-39 13.52|21.19|23.21| 19. 144 10.04 | 1.40 12.51 21.11 23.21 
28 [18.09] 7.54] 3-02 14. 1102 1.2923. 180 19.00 9.42 | 2.05 |13.11]21.22|23.18 
29 [17.53 3.26 [14.30]21.39|23.15|18.46| g.21 | 2.27 |13.31}21.32|23.14 5 
f 30 [17.37] | 3-49 _ 14.48 2 1.48023. 120 18.32 9.00 | 2.50 13.5102 1.42 23.11 i : 
J 1 31 17. 20 F 121.56 18.17 8.38 14. 10 2 3.062 | 


1 


$. The daily alteration of declination, is the difference between the declination that day at 
noon, and the declination at noon the following day. And when you take that difference 
| you will ſee whether the declination be increaſing or decreaſing. 


9. The declination increaſes from the 21ſt of March to the 21ſt of June, and from the 
224 of September to the 21ſt of December. 


f But it decreaſes from the 2oth of June to the 22d of September, and from the 21ſt of 
December till the aoth of March, 


TABLE 


. 


ne. TABLE II. 
A TABLE of the daily Variation of the Sun's Dectt- | A TANGE of the Minutes to bo 2 
5 . „ plied to the obſerved Altitude of 
NATION for the Hours of each Day. the lower Limb of che Sun. 
I 7 | / / | 1 | / / / 4 | 7 . Y 
App. Alt. of lower|Min. ſuv. or add. 
HI. 1 * i 48 4 4 14 12 N 8 6]4 {SM Edge of the Sun, fr. or to the ap. 
I I I I 1 o ſo ſo lo ſo the horizontal dip}Alt. of the lower} 
2 2 2 131-236. 638-9 Jo lolo being 4“. Edge of the Sun 
a 2 2 2 21 2 obſerved, | 
$| 34:39: 4]: i 144 1 [1 [1 ˙ 88 7 1 
4 22 221 2 121 [1 |1o . | 
41/8212 ee we 54 
5 4] 4 32 3 3 22] 2 [121 1 5 to 10 ditto 20 
6 5 5 421 4 8 242 14112 10 to 16 ditto 18 
3.4.4 6 311 44 4 34 3 2 z [12 16 to by 2 18 
22 to 2 itto 17 
— -U 28 to 36 ditto 16 | 
91 8] 7] 7| 6] ee _ 
1 44 to 52 ito 14 
10 9] 81 8] 7] 6f 5] 4 [393 [21 52 to bo | ditto 13 
11109 | 8:] 72] 6: 5% 44 3 |2]! wm 82 
O O 
— l CAA from 1 to x 8 Subt. 12 
| 13:3 12.1 11 109 8 7 5 4 3 21 to 1 16 ditto 11 
14 | 13] 12] 11 | 10 9 7 6 15 42 to 1 26 ditto 10 
to 1 36 ditto 
1 15-1 144 13 fie 9 8 65 14 [2]! to 1 48 ditto ; 
Eee. two 200| dito 7 
F furſioſg] 7þ61[3þ 3 
18 | 16 | 15 | 14 | 12 | 11] 91 8 + | 3] 'o 2 45 ditto 4 
191716151310 8 65 | 3] to 3 2 ditto 3 
20 ins ei is | 10 8763 to 3 20 | ditto 2 
— . —— 3 2— — — . 3 2 — to 3 42 ditto 1 
21 | 19 | 17 | 16 | 14 | 12 | 11 | 975 [4 to 4 10 — o 
22 | 20 | 18 | 17 | 15 | 13 | 11 | 976442 to 4 40 Add 1 
+ 232119171513 12 | 10 8 [642 to 5 16] ditto 2 
"6 5 8 8 6 8 6 2 to 5 56 ditto 3 
* 24 | o | 1 I I4 | 12 10 4+ to 6 48 ditto 4 
„ : 8 ; to 8 oo ditto 
* When the daily variation increaſes, add for the varia- o 9 30 | ditto 8 | 
| tion of the declination for the hours in the firſt column | to 11 40 | ditto 7 
under H; but when the declination decreaſes, ſubtract 4 5 N 8 | 
: trom the declination of the given day at noon; and the to 30 4 iP 6d 
jum or difference will be the declination at the given time. to 50 ditto 11 | by 
= Time being reckoned from the noon of the foregoing day. 92 9 9 | ditto 12 | 
= REMARKS on the TABLE of DECLINATION. 
5 1. This Table is adapted for ſeveral ſucceſſive years; and becauſe there is an alteration of 14 
the Sun's declination from any one year, to the ſame time four years after, therefore, for the 4 f 
- == better adaption of the table to ſerve the purpoſe propoſed, the declinations are truly adapted | Wo 
p OY to the years 1780,-$1,-82 and -83, to the neareſt minute; and, in the extreme years, the error "" 


will ſeldom exceed one minute: Sometimes it will be too much, and at other times too little. by 
This ſmall defect of 1', or if 2/, at ſea, is of little conſequence, when the latitude of the 44 
ſhip is ſimply required. ED, 4 

2. When the longitude is required to be found by obſervation, the firſt thing is to determine 


13 


your lat. which cannot be done without the decl. The ſecond, is to find the true time, and 15 
how much your watch is faſter or ſlower than the ſun. Is i 
In this long. caſe, I recommend the uſe of the decl. in the Nautical Ephemeris, as you muſt Wl 


have it; for that year in which you make thoſe obſervations, for the requiſite diſtances, be- 
ing thcre inſerted. 


A TABLE 


( 96.) 


A TABLE * of Refraction, which is to be ſubtracted from the apparent or obſerved Altitude 
| of the Sun, Moon, or Star; but to be added to Zenith Diſtances. 


yen *W.%9 $7 -\ £ : 
Alt. obſ. Alt. obſ. Retr, * E 
880 . FA 7 A TABLE of Parallaxes of the Moon in Altitude. 4 
0.06 eit 4144 1 $ . | 3 
4% 3.32 | 13 1183 Moon's Hortzontal Parallax, 1 
iy at 3.56 I2 ap. alt. | - | " 1 
0.20 4.24 11 | : 1 4 4 
. 0.33 4.56 | 10 | ot 50 58 2 — A 
„ PO RR RY” ; 
| 0.48 6.20 8 5 53-4] 55.47 57.47 59.4 8 
0.56 715 | 7 JJ 4 264 89 ; 
| 1:04 8.40 | 6 18 | 52-09 f} $405 | 58% [337 q 
11.13 10.30 5 | 20 | 50.45 52.37 54. 30 56.23 ; 
1.22 13.10 | 4 25 48.56 50.44 | 52.34 54.23 
1433 17.30 2 30 46.46 | 48.30 50.14 51457 
1.43 25. 4 35 44-14 | 45+52 47.30 49.08 
(1.55 44. 40 41.22 42.54 44.26 45.58 
2.0) ho. n 45 38.11 39.36 41,00 42.25 
21 | 1 34.42 36.00 37-17 38.34 
2.36 | 55 39.59 32.07 | 33.16 34-25 ö 
— — 60 27. o 28.00 29,00 30.00 4 
| 65 22.49 23. 40 24.30 25.21 : 
| 1 ABLE VL 10 | 18.28 19.09 19.50 20.31 5 
rey 000» Ar a 3 I To find the Mean Refr.“ of any Alt. obſerved. 
— * * 7 — By the Table of Refraction for different altitudes, the : 
| feet min. 8. miles refraction may be obtained for any altitude; thus take the 5 
2 1 1,75 | difference between the obſerved altitude and the next 5 
4 a greater in the table: Then ſay, As the difference of the 5 
9 3 Z 357 altitudes in the Table (between which the altitudes were 8 
| 4206-1 4", 54. Sos obſerved) is to 60“ :: the diff. between the alt. obſerved 
26 5 8. 6,5 and the next greater, : the ſeconds to be added to the retr. ON 
4. 6 BD | 8,0 of the greater altitude. 
Ex. What is the refr. of the fun, moon, or ſtar, obſerved at 9. 200 alt.? By the rule, the 
cf, between the obſ. alt. and the next greater, is 160. As 40“: 60“ :: 16“: 24. —9“. 00 
| 3 
| The refr. for 5. 20“ alt. is 9/.24” 
By mean refr. is to be underſtood the refr. of a celeſtial object, ſeen through a middle 
1 ſtate of the air; for if the air be more denſe, the refr. will be greater: But if the air be more 
rare, the refr. will be leſs. Theſe differences are very material in ſome obſervations, where accu- 
_ pe e inſtruments are uſed on ſhore, but at ſea, of little or no conſequence; eſpeci- We 
| ally in our Southern navigation. | | 1 | 2 
5 Table V. To find the depreſſion of the moon, by parallax; enter the table with the obſerved WR 
alt. under the moon's apparent alt. and againſt it under the | neareſt minute of horiz. parallax, Ys 
's the parallax of the moon in alt. which muſt always be added to the alt. obſerved. = | 


Note, In Table III, are the reſults of the ſun's: half diameter, and of Tab. IV, VI. 
TABLE 


. . 
TABLE VI. 


A TABLE of the time to be added to 6 hors, when the latitude and declination are of the 
ſame name; but to be ſubtracted, when they are of different names: The ſum, in the firſt 
caſe, or diff. in the ſecond, will be the time of ſun ſetting, in reſpe& of its center, inde- 
pendent of refraction and dip of the horizon. Suppoſe the refraction 327, and the dip 47, 
the ſum 36“ is the apparent alt. of the ſun's center, when in the horizon; or its L. L. 20˙ 
above the horizon. 


” 
— 


Degrees of Latitude of the Ship, or Place. 
Sun's ee 
decl. 46 | 48 
I 4 
2 | 9 10 
= 4 14 
| 4 | 18] 
— 2 
6 27 
32 
4 36 
6 9 21 
10 45 
11 50 
I2 55 
| 5 
| 7 34 
15 82 
16 68] 74] 801.261.341. 4101. 5002. 
17 73] 79] 851. 321.401. 4801. 5802.9 
18 78] 84] 9111.38[1.47 1 
19 81 84] go] 971.451. 54 2.0342. 14 2.27 
20 _391_9510311-51]2.0102-1112.2312.3 
| 21 1 10oiſ re 1. 5802. 0802. 19. 3202.46 
22 ng be I512,05]2.15 2.27/2.42 2.57 
23 981105 113/122]2.12[2.23 2.36/2.52 3-9 | 
24 95,103|110[11912912.19]2.31 2.45 3.02 3.22 
25 to0[108'1171126 136 2602. 3902. 34 3. 123.36 


The meridian altitude of the ſun being obſerved, in a given year, month, and day of the 
month ; to find the latitude of the ſhip, or place. 


1. Correct the obſerved altitude of the lower edge of the ſun, by the minutes againſt the 
alt. in (Table III.) then ſubtract the correct alt. from go?, and the remainder will be the zenith 
diſt. write S. after it, if the ſun was obſerved to the South of your zenith ; but, if obſerved 
with your face towards the North, write N. after the true zenith diſtance. 

2. Find the declination for that day; take it out of the table, and correct it, 

ſion require, as directed in Art. 4, 5, 6, 7, p. 92, 933 then obſerve the following 


Bb ( 


e 


Q.AS:.&- 5 


When the zenith diſtance and the declination are of the ſame name, their difference will be 
the latitude : And if the zenith diſtance be the greater, the latitude is of a different name to the 
declination ; but if the declination be the greater, the latitude is of the ſame name ag the 
declination, | 


F. 
When the zenith diſtance and the declination are of different names, their ſum will be the 
latitude, and of the ſame name as the declination 


+ OY 
3 
S A 8 E HI. 4 


| For the Greenland Seas. 


When the Sun is obſerved between the Pole and the Horizon, then the Sum of the correct 
Altitude and the Complement of the Declination will be the Latitude. Y 

Ex. 1. The mer. alt. of the ſun's L. L. was obſerved the 2oth of May, 1776, (mer, London) 5 
to be - 61.438. 


By Tab. 3. add 12 Ex. 2, Mer. alt. obſ. May 20, 1776, 27.46 N. 
True alt. 61 .55 By & ab. 2 10 . 
Z. D. 28.058. rue mer. alt. 27 .56 3 
Decl. 20 . 10 N. Caſe 2. Z. D. 62. 4 N. 
HE ENT Dec. 20.10N, WW 
7. By Caſe 1.—Lat. in 41 .54 8. 36 
Suppoſe the _ A 
Ex, 3. Mer. alt. obſerved 86.27 N. Ex. 4. The iſt of June, 1776. 
* 5.6 Mer. alt. obſ. L.L. 4349.11'S. 
True alt. 86.39 0 1 
Z. D. 3.21 N. The dl Io a7 #8 
Decl. 20 .10N. ; 7D. + 39 Q 5 
By Caſe 1.—Lat. in 16.49 N. Decl. 22 11 N. 
N. B. I. L. denotes the lower limb of the By Caſe 2. Lat. in 7 5 N. 


fun, and U. L. the upper do. 


Remark. That the mer. alt. obſerved under Ex. 5. The 1ſt of June, 1776, at 12 pm. 
the pole, is the leaſt altitude the ſun can have. Mer. alt. of L. L. of the Sun 99.54 

But the mer alt. obſerved between the equi- | add 7 
noCtial and the pole, is the greateſt the ſun can True mer. alt. 10 .o1 F. 
have, that day, in that place, Co-decl. 67 .49 N. 


The ſum is the height of the pole above the hor. which is = the lat. in 77. 50 N. 


Rule 1. To find the riſing or ſetting azimuth. As the coſ. of the lat.: R:: s, decl. to the col. 
of the azimuth ; or, by inverſion, R : ſec. of the lat.:: s,decl. : coſ. of the azimuth ; which 
| azimuth muſt be reckoned from that point of the horizon, of the ſame name with the decli- 


2 nation: 1. e. when the declination is S. reckon it from the South; but when the declination is N. 
reckon it from the North point of the horizon. 


PRO 


| Alſo that co- ar. denotes complement arithmetical. See Note in p- 26and 27. Cos lat. for the complement 2 


of the latitude, and co- alt. for complement of altitude; dech, for declination ; Z. D. for zenith diſtance, or ce- 
altitude; krete, refraction, and parx, for parallax, 
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PROBLEM I. 


What amplitude will the ſun have at riſing and at ſetting the 24th of January, 1780, in 
the lat. 489. 30“ N.? | 
By the Table in p. 91, the fun's declination is - - - 19%.13'S. 
By Table in p. 97, the ſun riſes 93“ after 6 h. that is, at 7h. 33 m. 
which is 4 h. before the 24th day at noon, and in Table II. ner | 0. 030 
14“ daily variation, and againſt 4+ h, is zm. add and ſubtract 


The decr. added gives declination at riſing - 19.16 8. 
Subtracted gives the decl. at ſetting - — 19.10 S. 


By Art. 1, p. 90. As col, lat. 48. 30 =9,82126 
: rad, 10, 
: : 8, deck. 19.13 8. 9,1738 
: S, tr. amp. E. 29. 47 S. 9, 69612 riſ. az. S. 609. 13 E. which is N. 1199.4 E. 
Magnetic amp. E. 6.40 8. or the obſ. az. S. 8 3. 20 E. which is N. 96. 40 E. 
Art. 4. p. 90. Var. 23 08 E. By Art. 5, the var. 35.0% E. 23.07 E. 


But the true declination at ſun riſing under the meridian of Greenwich, is 199. 16“ S. and at 
ſetting, is 105.108. Now to find the riſing and ſetting azimuths. 
As col. lat. 48 .30—9,82126 again 9,82126 
R: : s, decl. 19. 16—9, 51847 3 9731603 
: cs, of the riſing az. 60 .08—9,69721 : cs, of 60.18 q,69553 ſetting az. 60. 180 


Whence it appears, that the riſing az. is 5' leſs, and the ſetting az. 5 greater, than that 
computed with the noon declination, | 


PROC LEM H. 


What riſing az. will the Sun have the 20th of November, 1786, at 11 S. of the Cape of 
Good Hope? 
C. G. Hope, lat. 349. 30“ S. Sun's decl. at noon, (mer. Greenwich), 199.488. 
Add 1 .39 8. The mer. of the ſhip is 189. 40“ E. 
Lat. in 36 .00 S.] which converted into time, is 1 h. 15 m. nearly. 
Time of riſing is 5 A. M. which is 7 oo before noon. 


Subt. as by Art. 6, p. 92, gives the time to noon at Greenwich 5 45 this gives 03“ by 


Table 2, p. 95. Therefore the true decl. at riſing is 199.45 8. 
Ditto at ſetting is 19 .51 8. 


— .< 


Hence, As R: ſec, of 365.00“ — 10, 9204 
*: 8, decl. 19.45 — 9,5288 
: Cs. riſing az. S. 65 . 19 E. — 9, 6208 
Which gives N. 114. 41 E. the true az. 
Suppoſe the magnetic az. N. 133 . 56 E. 
The var. 21-15 W. By Note 2, Art. 5. 


PROBLEM III. 


Suppoſe a Ship to be in the Chinean ſea the iſt of March, 1787, in the lat. 219. 200 N. 
lon. by account 120? E. What will be the ſun's az. at ſetting. By Table VII, p. 97, againſt 
the ſun's decl. that day at noon at Greenwich, which is 759.31'S. (daily decr. 23'), and under 
lat. 22 is 12“, theſe ſubtracted from 6 h. leaves 5 h. 48 m. the time of ſun ſetting. Now 
the lon. 120% converted into time by Art. 5, p. 92, is 8 h. to be ſubtracted from the time 


of ſun's ſetting at the ſhip, (6 h. 12 m.) gives the time at Greenwich 1 h. 48 m. before 
; 8 | midnight 
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midnight of the foregoing day. Or February 28th, at o h. 12 m. afternoon ; to which time 
find the decl. Thus. February 28th, decl. at noon 7.84 S. and by Table II, for 10 h. un- 
der H. (which column anſwers to 24 m. of daily variation), is 10 m. and under 22 m. is ꝙ m. 
therefore I take : m. for the decr. of declination, theſe being ſubtracted from 52. 54' leaves 
7.44! the true decl. at the time of obſervation at the ſhip. Caſt off the + m. and then: 

As R: ſec. lat. 21%20' —0,03083 

: 8, of the decl. 7 .44 —9,12982 

: cs. of the az. S. 81.42 W.—9, 15975 By Art. 5, p. go, Note 4. 

Which is N. 98 . 18 W. — By the Remark in Art. 5, Note 2. 
Suppoſe the mag. az. N. 8 1. 43 W. 


Var. 16.33 W. By Art. 5, p. 90. Note 3. 


PROBLEM IV. 


In the lat.18* N. lon. 72* W. the 4th of June, 1776, the ſun was obſerved to ſet (by the 
compaſs) N. 74 W. What is the Variation? | 
Thus 72 lon, = 4%.48' Decl. at noon 22%.33'N. Daily Alteration 6“ increaſing, 


Sun ſet at 6.30 For 1 1h. 18' + 3 Col. lat. 18% 00 — 9, 97821 
Time at Greenwich 12 .18  Truedecl. 22.36 N. R+5s,decl. 22.36 —19,58466 


Cos. of az. N.66 .10W— 2.50645 
Obſ. az. N. 74. o 


Var. 7 .5oE, Y 
To find the TRE AzimuTH of the Sun, Moon or Star, 


N order for finding the true azimuth of the fun, you muſt know the latitude of the place, 
alſo the declination and the altitude of the ſun. 
Art. 1. When the lat. and the decl. are of the ſame name; the decl. taken from go? leaves 
the diſt. of the ſun from the elevated pole, or polar diſt. 
2. When the lat. and the decl. are of different names, the decl. added to go? gives the 
polar diſtance. | 


Rule 2. A GENERAL RULE to find the TRUE AZIMUTH at all Altitudes, 


Add to the polar diſt. the co-lat. and co-alt. from half the ſum, take the co-lat. and co-alt. 
ſeparately, and note the remainders; then to the fines co-ar. of the co- lat. and co-alt, add the WE 
ſines of the two remainders; and half the ſum of theſe log. fines, will be, the ſine of half 
the required angle of azimuth ; which degrees and minutes being doubled, will be the azi- = 
muth from the elevated pole of the ſame name as the latitude, or from the point of the hori- 
zon of the ſame name with the latitude you are in. | 
Ex. 1. In the lat. 519.30” N. the 4th of June, 1776, the ſun's decl. 22. 331 N. at 4 P.M. 
| Polar diſt. 67 .26; 
True alt. of the fun 33. 33“. Azimuth obſ. N. 225. 21. W. to find the Variation. 
Polar diſt. 699.26” | . 
Co-lat. 38.30 — o, 20585 
Co-alt. 56.27 — o, 07915 
Sum 102 234 9.83133 
x Sum 81.12 9,62186 
42.42 19,738 19 Sum. 
24.4451 9.86909 Half, is s, of 47.43“, which being doubled, 
is the true az. N. 95. 26 W. 
Magnetic az. N. 72. 21 W. the mean of 4 azimuths. 
Var. 23 .05 W. By Art. 5, p. 90, note 3. 


Ex. 2. 


Remainders 0 


Note. The true azimuth of the moon or ſtar, are to be found in like manner, 


(109) 
Ex. 2. In che lat. 40. 40 N. when the declination was 16* S. and the ſun's alt. 18.34 8. E, 
the azimuth by the compaſs was S. 249. 10. E. What was the variation ? 
Which is N. 55 .52 E. 
Polar diſt, 1009,00' 
Com, of lat, 40. 20 —0,188939 
Com. of alt. 71.26 —0,023213 


The ſum 9,959195 

Half the ſum 92752570 

Es Diff, 19,92 3923 
Do. 9,9619611 s, of 66.227 which doubled 


is the true az. N. 132.44 E. 
Obſ. az. N. 155 .50 E. 
Variation 23 . 06 W. 
In the lat. 485. 40 N. the ſun's alt. 325.03“ S. W. when the declination was 53 N. the azi- 
muth by the Compaſs was obſerved to be S. 74%. 20 W. What was the var. of that compaſs ? 
By computing I find the true azimuth to be S. 56.13 W. 
Its ſupplement is the az. from the N. which is N. 123. 47 W. 
Magnetic az. by compaſs N. 105. 40 W. 
By Art, 3, p. 90, The variation 18. % W. 


Let the annexed figure repreſent the plane of the horizon, 


round the ſhip at A; the North and South points of the me- © N 

ridian, are marked N and S; the Eaſt and Weſt points, with 2, e 

E and W. 

Suppoſe a ſhip to ſail from A, her courſe N. E. with the 

wind at N. W. that is, blowing from that poſition or bearing 

of a, towards A), 6 points from the courſe of the ſhip. * % — E 
In this caſe, it is evident, that the wind blows againſt the | 

left or larboard fide of the ſhip, which will cauſe her to make 7 

Way through the water ſome quantity more from the N. to- 

wards the E. which 1s called leeway ; and that quantity 1s 


DS 


x 
. to be eſtimated in ; points; and ſo much as the ſhip makes S © 
= Iccway muſt be added to the courſe ſteered, to get the courſe S 
| made by the Ship. - 


But if the wind was at þ (E. S. E.); then the leeway made on the N. E. courſe would be 
towards the meridian, and muſt be ſubtracted from the courſe ſteered, becauſe the ſhip would 
make her way through the water, that quantity nearer to the North: And the like of all 
other caſes. | | | ; 

If the compaſs you are ſteering by, vary two points W. and you are failing W. by it, the 
courſe made will be W. S. W. Hence, if you want to make a W. S. W. courſe, you mult 
{ter by the compaſs W. that is, reckon W. variation to the right, E. variation to the left, of 
the courſe to make, and you will have the courſe to be ſteered, ſave the leeway to be allowed, 


The Mernhop of working Day Woxrxs at Sea. 


To cox RE the COURSES a ſhip has eered, by the Lzzway and the VARIATION. 


Art. 1. HEN a ſhip fails on a wind that is 6 or 7 points from it, ſhe will make lee- 
3 way; and the leſs way ſhe makes through the water, the more lee-way ſhe 
= will make, 


2. The quantity of the lee-way may be obtained by obſerving the angle made between 
the direction of the courſe ſteered 2 keel of the ſhip) and the ſhip's wake, which is to be 
reckoned by points and + points of the compals, 
| | ; Cc 3. When 


(- 868 J 

3. When the courſe the ſhip 1s ſteered, is between the meridian and the wind, the lee-wa 

mult be taken from the courſe ; but when the wind is between the meridian and the courſe, 
the lee-way mult be added to the courſe ſteered, 
4. If the variation be Weſt, reckon it towards the left hand; but if it be Eaſt, towards 
the right, N. B. When the lee-way and the variation are both towards the right, or both 
towards the left hand, then their ſum muſt be applied to the courſe; but when they are con- 
trary ways, their difference mult be added or ſubtracted to or from the courſe, and you will 
have the courle corrected. [See p. 49.] 

5. To find the courſe and diſtance made good from day to day: Find the lat. and dep. 
made that day, in the Traverſe Table, (againſt each orher) ; and at the top, if the lat. be 
the greater, but at the bottom, if the dep. be the greater, will be the courſe made good; 
alſo againſt them, will be the diſtance made, in diſtance column. 

6. To find the difference of longitude a ſhip has made in a day; or to find the longitude 
made from day to day. 

Note 1. To find the middle latitude from day to day. 

When the latitude made the laſt 24 hours, is of the ſame name as the latitude the ſhip was 
in the foregoing day; then add half the latitude made, to the latitude the ſhip was in the fore- 
going day (at noon), and the ſum will be the middle latitude; but if the latitude made be 
of a contrary name to that of the ſhip the foregoing day, then ſubtract half the lat. made, 
and the difference will be the middle latitude. 

Note 2. Find in the Traverſe Table, the neareſt degree of the middle latitude (at the top 
of the table, when it is leſs than 45®; but when it is greater, at the bottom); and then find 
the departure made the laſt 24 hours, in lat, column, and againſt it you will find the longitude 
made that day in diſt. column. [See p. 28 of Geography.] 

7. To find the latitude in, and alſo the meridional diſtance and longitude made, from the 
place you took your departure, 

When your lat. mer. diſt. and lon. made, the laſt 24 hours, are of the ſame name with 
the lat. in, &c. the foregoing day; then add to the lat. in, the foregoing day, (otherwiſc 
ſubtract) the lat. made; the ſum, in one caſe, &c. and the difference, in the other, will be 
the lat. in, by account or dead reckoning : Do in like manner with mer. diſt, and lon. made, 
and you will have the lat. mer. diſt. and lon. required, [See Journal following.) 

demark 1. When you take your departure Nm any cape of land, you take its bearing 
with the compaſs, and you then aſſume its diſtance from the ſhip z that bearing and diſtance 
you are to enter in the Log-Book ; and when you work the traverſe of the day's work, take 
the oppoſite point that the land bore from the ſhip, correct it by the variation, (if any), 
and —_— the firſt courſe, from ſuch cape; and take the aſſumed diſtance for the diſtance ot 
that courſe. 

The Journal is to be kept from the laſt cape or headland you can ſee, whoſe lat. and lon, 
are known; which, in failing from the Britiſh Channel to the Southward, is generally the 
Lizard, (but in failing to the N.Weſt, the Land's-End), from which place, you are to jind 
each day at noon, the diſtance the ſhip is from it, and how it bears. 

3. To mark the place in your ſea chart the ſhip is in, and then note the courſes you muit 
ſteer the following day, and the diſtances on each; ſo as to make good the moſt proper couric 
for the ſhip, according to winds, weather, rocks, ſhoals, &c. 

4. Write in your Log-Book all the capes, headlands, ſhips, loops, &c. that you pals, 
with every other material circumſtance that happens, 

5. \\ hen you make an iſland, or any Land, write down its bearing, and how it appears 
in compariſon with ſomething generally Cs what land you take it for, &c. together with 
its latitude and longitude by your account : And if it be land whoſe latitude and longitude are 
known, you are then to keep your account from it; and fo from cape to cape, and land to 
land, in failing from one port to another. 


6. The 


( 103 ) 
6. The place of a ſhip to be marked in the chart from day to day, ſhould be done from 
your Journal of your lat. in, and mer. diſtance, in plane charts ; and by lat. and lon. in Re. 


duced and in Mercator's Charts, and not by that erroneous method of courſe and diſtance, 
ſometimes deduced from the traverſe of 10 or 12 courſes and diſtances ; none of which can 


be expected to be true, in ſeas or channels, or in the ocean within 4 or 5? of land, by reaſon 


of the ſets and drifts of the tides, 

7. The latitudes of ſhips are frequently obſerved in ſeas, and along the coaſts ; which lat. 
will generally differ from that by account, of your day's work ; the lat. by obſervation, is to 
be depended upon; and the mer. diſt. or lon. muſt be taken with ſuch correction as you can 
aſſign a ſufficient reaſon for, otherwiſe take it as deduced from the day's work, without any 
correction; for to make a correction of mer. diſt, or lon. you are to view your chart, and to con- 
ſider how the flood and ebb tides have acted upon the ſhip, together with other circumſtances. 
Theſe things duly conſidered by a perſon of found judgment and experience, will enable him to 
make a good correction; but as to young commanders, I adviſe them, to take the latitude by 
obſervation, and the mer. diſt, or lon, by account, and fo lay down the place of his Ship from 
day to day; and never correct the lon, but by experience, and by lon. obſervations, well 
made and computed, made with accurate inſtruments : [Of which ſee my Treatiſe on the 
Longitude, price 2s. 6d. fold by J. Nourſe, Strand}. 

Note in Atkinſon's, Wilſon's, Patoun's Croſby's, and in many other authors of later 
date, are general rules and caſes for the correcting of reckonings upon the principles of ſimilar 
triangles (as if they had been failing in a fiſh pond, where no tides can act). In the latter 
end of this Treatiſe, I propoſe to ſhew the abſurdity of that method of correction; and in 
various circumſtances, 1 ſuch corrections had been uſed, the account would have been much 
worſe than by having no correction at all. 

Having ruled your Log- Book, and marked the columns, H. for hours, K. for knots, HK. 
or 4 K. for half knots; or F. for fathoms, &c. as per Log-Book following: In the ſame 
line you may write, Remarks on ſuch day, month and year. | 

Remark x. That the commanders of ſhips end their day account at noon. And the hours 
after that day at noon, go on to the reckoning of the next day at noon ; and tranſactions are 


entered in ſuch ſea journal, at ſuch an hour p.m. which denotes ſo many hours after the noon 


paſt : And when the time is paſt midnight, they write the hour that it is in the morning of 
the approaching noon and after it, A. M. which denotes the time of the day in the forenoon; 
and ſo on till twelve, when they cloſe the account for that day. 

Remark 2. That our civil method of reckoning is from midnight to midnight. Our ſea 
reckonings of the day, are from the time after the noon of the foregoing day, which is 12 
hours before the civil account of the day; and our aſtronomical day begins at the noon of 
the civil day, when the ſea journaliſt ends his day: Thus the ſeaman reckons his time of 24 
hours before or towards his noon ; and the aſtronomer reckons his time from or after his noon ; 
that is, if the civil account be May the 1oth, at noon, the aſtronomer would then write May 
the 1oth, and all remarks after the noon, at hours, minutes, &c. afternoon, till the follow- 
ing noon. But the ſeaman would write May 11th, for the afternoon hours of the roth, with 
P.M. &c. till the 11th at noon came, when he would cloſe his account for that day. 

Whence it appears, that the aſtronomer writes his day, when he begins his account; but 
the ſeaman writes his, when his day is ended : Which are their difterent methods of keeping 
account of the ſame ablolute time. 


Of MeasuringG the DISTANCES a Ship: SalLs. 


This is done by a HALF-MINUTE GLASS, a LOG, and LOG-LINE. 


The Half-minute glaſs contains either ſand, or metal filings, and they are made to run ou? 
in different lengths of time; ſome in 14, ſome in 15 ſeconds, others in 28, and ſome in 30 


ſeconds ; which different times are adapted to the different diſtances between the knots of the 
log-line, Log: 
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Log-lines are made of different lengths, from 50 fathoms to 150, to ſerve for different 
ſhips and veſſels. | 

The 14 and 15” glaſſes, are uſed when ſhips ſail at the rate of 10 knots or more in half a 
minute, and in high ſeas and ſtormy weather ; the log then being very troubleſome to get 
in, wh.ch is the reaſon theſe glaſſes are uſed. 

To divide the log-line into knots and fathoms. Thus : Find the proper diſtance between 
each knot by this general rule. Divide the ſeconds of time that the ſand glaſs is in running 
out, by 4 (or any other meaſure of time in ſecond), the quotient will be the diſtance in fa- 
thoms; which will be the beſt adapted for uſe at ſea, as appears by the experience of ſeveral 
able mariners and mathematicians, Commanders, in general, divide their log-line in fathoms 
of 6 feet each; others divide the line into fathoms 5 feet each; reckoning 50 feet to each 
knot ; ſo that, in caſting up the log, in the column of fathoms, each fathom anſwers to 1, 
or + of a mile, and ten fathoms make 1 knot : But experience hath ſhewn to us, that rec- 
konings kept by this 50 feet line to the knot, generally make the ſhip a-head of the reckon- 
ing ; which is much worſe than the reckoning a-head of the ſhip. 

A glaſs that runs out in 32“ requires 8 fathoms to a knot, 6 feet each. 

And in proportion, a glaſs which runs 30“ requires 7x fathoms, or 45 feet, for each knot, 


28 7 Or 42 
26 - Og or 39 
I 6 or 36 


See p. 35, 36 of Plane Sailing: Notwithſtanding the true diſtance of a knot to be 50,6 feet. 
See alſo p. 22 of Geography. 

The reaſon for making ſuch allowance of 3 feet in each knot, for a 30“ glaſs, is for the 
way the log is found to make after the ſhip. 

Thoſe commanders who would keep a good account of the way a ſhip makes, ſhould be 
very circumſpect in heaving the log, and in giving the ſhip her true courſe ſteered and diſt. 


| | Of HEAVING the LOG. 


| Let two men hold the reel between them, and another the half-minute glaſs ; the officer of 
the watch with the log in his hand, and the ſtray line (10 or 12 fathoms) drawn of the reel; 
he then throws the log over the ſtern of the ſhip; and when the red rag, at the end off the 
ſtray line, goes over the rail, he calls, turn; the man turns the half-minute glaſs; and when 
it is run out, he cries, ſtop; the man ſtops the reel from running round, and in courſe it 
| ſtops the line; the officer then looks at the laſt knot which came off the reel, and it ſhews 
| him how many knots are gone off (by the number of ſtrings tied to-the knot), and the ta- 
thoms from that knot to the reel, are the odd fathoms to be wrote down, which the officer 
adjuſts according to the mean rate of her going for that hour, according to the beſt of his 
judgment. Note. The ſtray line is the length of line allowed for the log to be out of the 
eddy of the wake of the ſhip, 


To find the Number of Seconds that a Glaſs is in running out. 


Take a piece of lead (or other piece of- heavy metal) about an ounce in weight, (a muſket 
ball) in form either ſpherical or conical nearly ; faſten a piece of fine packthread, or of filk, 
to it, and hang it by a loop, upon a nail, and ſo that the meaſure between the centre of the 
plummit and the nail be 39 inches, or 39 ; then draw it 5 or 6 inches from its perpendi- 1 
cular, and let it ſwing, and turn your glaſs at the ſame time, when you let it go ; count the 15 
number of ſwings that it makes in the time the glaſs is running out, and they will be the 
ö ſeconds required. | 
| For all ſimple pendulums that are 39 inches long, vibrate or ſwing ſeconds, each ſwing 
| being made in a ſecond of time. 


Having given the lat. and lon, of two places, to find their bearing and diſt. by Trav. Table. 
| Rule 1. Enter the table with the mid. lat. [Def. 26, p. 35.] and find their diff. of lon. in 
| caſt, column; then againſt it is the dep. in lat. column. 
| 2, Enter the table with the diff. of their latitudes, and with the dep. found by Rule 1, and 
jou will have the courſe and diſt, as in Art, 5, p. 102. When 
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When the glaſs runs out in leſs time, than that to which the line is adapted, the reckoning 
will be a-ſtern; but if it run a longer time, the reckoning will be a-head of the ſhip. 

Note. In hot or dry weather the ſand, or filings, will run out in leſs time than when it is, 
moiſt and rainy; and between the extremes you may frequently find 2 or 3 ſeconds: So that 
a glaſs that runs out, in dry air, in 30%, will, in moiſt air, take 31 or 32, and, in extreme 
moiſt weather 33“. Suppoſe your log-line to have 7+ fathoms to a knot, and a 30% glaſs, in 
fine weather; and, when you try the glaſs at fea, that it runs 32“: What diſtance muſt be 
allowed in making 10 knots and 5 fathoms by ſuch glaſs. Now ſince the glaſs runs longer 
than its proper time, the log will have run off the reel a greater length than muſt be allowed 
for to make 1t correſpond with 120 half minutes in an hour : Hence the diſtance muſt be 
decreaſed in the ratio of 32 to 30, and fo is r6+to 10 knots, very near. 

Suppoſe the line divided for a 30“ glaſs, and the glaſs is found to run only 28“, and in 
that time the ſhip makes 9+ knots : What is due to ſuch log? As 28: go :: 94 : log miles 
due to that hour. Suppoſe the glaſs 30“, and to be right; and the log-line to be ſtretched 
5 feet in 10 knots; and that we made 11+ knots : What is the true diſtance to be entered in 
the Log-Book? As 10: 10,1 :; 11,25 : 11,4 miles an hour, nearly. Theſe particulars ſhould 
be regarded, and allowances made accordingly ; otherwiſe a very great error may ariſe after a 
month or more failing, without ſuch correction. 


Another Example to make the MsTnop of Corxrtction more evident. 


Suppoſe a glaſs 28”, and a line 42 feet, or 7 fathoms ; and that the line is ſtretched (by 
drawing in the log) 4 feet in a knot, one with another: What is due to the hour in which we 
made 7 knots and 3 fathoms ? — | 

Thus, 7 knots and 3 fathoms are 52 fathoms, at 7 fathoms to a knot. If 7 fathoms give 
4 feet, 52 fathoms will give 29,7 feet, which call 30; divide by 6, and we have 5 fathoms 
to be added to 7k. 3f. the ſum is 8 knots and 1 88 for that hour: And ſo of any other. 

Suppoſe a 28 glaſs lengthened to 317, and a 7 fathom log line lengthened 24 ft, in a knot ; 
and that they had failed by ſuch log-line and glaſs, 3 days, in which time of bad weather 
they had differed their lat. 112 m. S. and departed 340 m. W. from the Lizard: What is 
the correct X lat. and dep. ? What lon. has ſhe made? And what lat. is the ſhip in? 

1. As 28” : 31 :: 42 f.: 46% f. the true length of the knot for ſuch a glaſs. 

The ſhip's line 441 f. which is 2 feet too ſhort for the glaſs. 
Conſequently, the ſhip would appear to make more way than ſhe did make; and her account 
is thereby a-head of the ſhip. To rectify the account, remark, that . =21, that is, 2 feet 
is - th part of a knot, which 21th part, is what the ſhip's account is too much; hence from 
1127 take its 21th part. Thus 219112 (52 to be ſubtracted from 1127, the remainder is 107“, 
the correct diff. of lat. | | 
And 21)340(16', Subtract from 340, the remainder is 324' = 52.24' W. the 


correct merid. diſt. | And, from the lat. Lizard 49 .57 N. 
Take the X lat. made correct 1 .47 S. Lon. made. 


Remains the lat. in 48 .10 N. 3*.14'W. 


Suppoſe that between the running of the glaſs and the running out of the line there be 53 
feet, 4 25 the ſhip got a-head (per knot) of her reckoning, by uſing a line of 8 fathoms to the 
knot, and a 3o” glaſs. 
Now 5,5)48,0(8,7 the part of every account that the ſhip has got a-head of her reckon- 
ing; to rectify the following account. | : 
Being 10 days at ſea in bad weather, off the Azores, making for the Britiſh channel, in 
which time we had made 75. 40 N. and differed our lon. 20® E. by the account: What is the 


correct X lat. and X lon.? Thus * (53/ nearly. And 8.7) 1200, (1387, error in lon. 
* O ; 


400.0 
From 49.4o' N. and from 209.00 E. 
Take 53 and 2 .18 the correction. 


X of lat. 6 .47 N. and of Jon. 17. 42 E. correct, | 
; De ALLow- 
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Artowances to be made for Let-Way that Ships make when failing on a Win l. * 
1, When a ſhip is cloſe hauled, all ſails ſer, with a gentle ſea, allow half a point. 
2. When it blows a gale, that the ſmall ſails are taken in, allow 1 point ; and if a high ſea, 
22 point. : we | | f 4 $1 
3. When it blows ſo that the top- ſails are cloſe reeft, allow 2 points. | 
4. When it blows ſo hard that both -top-ſails are taken in, together with a high ſea, allow 


5. When the fore-ſails are furled, and the ſhip tries under a main-fail and a mizen, allow 
4 points. 1 | | 8 


6, When the ſhip tries under a main- ſail only, allow 5 points. | 

7. When both the main and fore courſes are taken in; or when ſhe is tried under a mizen; 
allow 6 points. | — 2 25 n e | 

8. When the ſhip lies a-hull, that is, with all her ſails furled, or all fails handed, her way 
is 1 point before the beam; therefore allow 7 points lee-way. | 

9. When the wind has blown hard, and raiſed a high fea from that quarter, and changed 
to another quarter; and the ſhip ſteered the ſame courſe, and failing cloſe hauled upon the 
other tack ; the lee-way then made by the ſhip will be greatly leſſened by reaſon of the {well 
of the ſea driving againſt the lee - ſide of the ſhip. In all theſe caſes reſpect muſt be had to 
the ſtate of the ſea. _. | 5 1 | 

10. The allowance of lee-way may be obtained with greater certainty, by. ſetting the ſhip's 
wake, by a compaſs. The commanders of ſome ſhips have compaſs cards nailed on the 
rails of the aft part of the ſhip, for that purpoſe. e. Jah 

I ſhall now ſhew the form of the Log-Book and Journal, with the uſe of a Plane Chart, 
and how to aſſign the place of a ſhip in it, as often as occaſion may require. iſt, From the 


Spurn (at the mouth of the river Humber) to the Naze of Norway; and from thence to the 
Scaw, through the Sound, Baltick and Gulph of Finland, to Cronſtat, for St. Peterſburg. 


A LOG-BOOK and JOURNAL of a Vov Ax in the Swift, Capt. Roberts, 


h for Peterſburg. | 
The firſt Day's Log-Book. Remarks on Saturday the 11th of May, 1776. 
H. K. K. Courſes Winds. 
2 | : | | 
4|Weſtook] our de-ſparture [from the Spurn, it bore 9.W. diſtance 3 leagues. 
{ 6] 7] o [NEbE,| NW, | Fair but cloudy. | | : 
8] 611 | By Art. 1. p. 49. The opp:ſite point to the. bearing of the 
1 y P- 49 P a f 
10] 6 | Spurn, when we took our departure, is N. E. which being cor- 
12] 6 | { rected by the var. [ſee p. 49 and 50] gives N. N. E. diſt. ꝙ miles; 
1215 and the N. E. bE. corrected, is N. E. bN. diſt. 129“; which by 
146511 | Trav. Table, gives as in the day's work. 
6661 © | Lat. of the Spurn 532.30' N. 
81/6] 1 | Diff. of tat. made 1 .55 N. 
4. 74+ Lat. in by account 55 25 N. 
12 800 Variation 2 points W. 
; | 2 | i 4 1 
En. Courſe * Lat. N. | Dep, E. |lat.inbyobſ. 55%20'N 


made. by acc. 55 425 _ 
N.33*E.|138'[115,5= 1%. 5575 = 1*.1.6/|mer.dif, made 1,15 E 


Log- 


Per log 129 miles, 
Made good this day. 
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-og-Book, the 2d Ha.. Remarks, May the 12th, 1770... sr 
K. 4 — Finds. IF e 1 br 1788 Wy 7 4+ 
+ | 2 L. | ENE. NNW. Dark, cloudy weather ; blows hard, _ 
8] 1 [108' onthis courſe. | 
81 „. d fro wtoe bem 9% 7 A: . 
N: 15 . * ** 6 (113 99 . 2 nt 
N K du ied od ben bees ffs i . 
| 9 1 | EbN.,N NW4N, Some — n. Fr 
1-9] [£14 e ni 5 y 
81 HI. A se e . : F373 & RG 
1 o $1019 uþ bh: vir apt Blows very has with 2 high ſea. ; 
9 $1103 122 2344. | ; Mer. diſt. V. D. 8 
911 | d Made 242 KE. E. 
1210 Variation 2 pts. W. Sum 4.04 E. E. 
Per log 219 miles. | Courſe 8 in yeſterday 5 = 20'N. 
l made. bid.“ La. N. E Dep. E. Diff. of lat. - 2.18 N. 
| A : f o „Lat. in by acc. 38 N. 
ee a —— Eb 38 38 a8 Er =2 249 Mer. « FT wy 17 85 E. 
REMARKS on the aui Day's LOG-BOOK. 
1. The ruſt to caſt the diſtance ſailed by the log on each courſe. | Firſt, add together 


the knots ſailed on the courſe, double them; and then add the half knots of that courſe to 
the ſum, and you will have the miles ſailed on that courſe. 


2. When you have failed on ſeveral courſes, the ſame da 


aw 2 line in the l 


hack 


r 
T. the hour, and diſtances ſailed between the laſt courſe fo des and the following, and add 
me of each courſe, and write the diftance under the courſe it was made, as are in 
the ſe day's 1 


on them courſes, 


og. Thus under E. N. E. is 108“, and under E.bN. is 111% the diſtances 
ich courſes corrected by the variation, are N.E. and N. E. bE. thoſe 


worked by Traverſe Table, give the courſe made good N. 51 E. 218“ diff. of lat. 1387, 
and dep. 1697; which applied to the lat. in, and mer. diſt. of the foregoing day, gives the lat. 
in, this Gay at noon, 572.38 N. and mer. diſt, made 45. 4 E. from the Spurn. 


"Lana: the third Day. ——Remarks the 7 3h of May, 1 5 = 
H.'K. K. Courſes. Winds. a 

2[ 9] 1 | EbE. [NWbW.| Cloudy and a bigh fea * 

908 * 50 5 e ee. 
10 9 | Made this day I 58 N. 

12081 1 NNW. 2 acc. 59 35 N. 
12186 | Lat. by obſ. 57 .20 N. 
| 8 8 * Th ns troy f C {8 141 Mer. diſt. 2.0 E. 

8 | td abs pal The reckoning Is greatly a-head of the ſhip. 
17% 9 Pa Is 19a e eee e | See Remark 5th iollowing: 
[12| gf 1 a | ener Variation 2 pts. W. 
Fer Log 212 _— dag Dit. X lar. N. Dep. E. Mer. diſt. yeſterday 470 E. 
| mmm Made 29. .56 E. 
| al AT 1 18 * „585 1 56% I 1 Total made 7,.00 E. 


— 


* 


. ” 
b —_ 


ths ; Note, v. p. ſtands for yeſterday. 


E 
. F mn 4 * * n * 
* „ . 53 1! < 40 EN 15 II N =— df 6a $3 1 4* % — of 


ed 
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2 4 


[HTK. + K. Courſes. Winds. emarks, 


ET 
2] 3] 1 | EZN,| N. At 1 f. . we made the Naze, it bore N.2W. dift. 8 leagues 
4 7 Ebs. we altered our courſe and ſteered E. bS. to make the Scaw. 

8 91 1 | | 6 rag 3 þ 

| 8] of At half paſt 7 we made the Scaw, and we continued our 


courſe till it bore S. W. we then altered our courſe and failed 
ſeveral courſes till we paſſed the Sound and the Baltic, we then ſteered: fo as to make g 
our courſes, as by the chart, till we made Bornholm; we then failed (var. allowed) E. N . 
160 miles; N. bE. E. 180; then N. E. till we got into lat. 60. 20 N. then our courſes 
and diſtances to make good, were N. E. 105”; E. N. 164 E. 28. 687; E. N. E. E. 287 
E. 177 Eb. 127; N. N. E. E. 75 and E. N. 367 and then arrived at Cronſtat. Winds 
and weather proved favourable all the time we were in paſſing the Cattegate, Sound, Baltic, 
and Gulf of Finland. | | a | 


REMARKS on the foregoing Vorace. The Var. being between 2 and 24 pts. W. Cowh to 
| or: | | eered. 
1. From the Spurn to the Naze, is N. 43 E. 3 50 miles. Mer. diſt. 241. . oi E.] E. N. E. 
2. From Flambro-head to do. N. 442 E. zoo miles. Mer. diſt. 217 3.37 E.] E. N. E. 
3. From erg mn. N. 30+ E. 400 miles. Mer. diſt. 202 3. 22 E. N. E. E. 
4. Suppoſe the ſhip to be S. from the Naze 6 "Is — 
my leagues, then your courſe to make, to 1 - _ 2 E * 1 
paſs the Scaw, is E4N. about r 
5. The reckoning was 29 a-head of the ſhip, and 16“; which great difference muſt be attri- 
buted to various cauſes : The principal, I may ſay, were heavy gales of wind, high ſcas, 
and Southerly ſets by the current, which had drove us greatly to the Southward ; thefc, 
together with bad ſteerage, and error' of giving the ſhip's way through the water by the EY. 
log. In all fuch circumſtances, I would adviſe the mariner to ſteer his proper courſe till . 
he make land, and then find the error of his reckoning, for his future information and 3 
experience. 5 


E. S. E. z E. 


N R E M AR K Ss. 

N 1. The Cattegate is contained between Denmark and Norway, generally called the Sound- 

| from the Scaw to Rugen I. When you come into the neck of the Sound, off Elfinore, you 
muſt pay tribute to the King of Denmark. | 

] 2. The Baltic, or Eaſt Sea, is contained between Schonen of Norway, Moon I. of Den- 

| mark, on the Weſt ; Rugen I. of Mecklinburg, and the North coaſt of Pomerania on the 

ö South; (Bornholm I. is in the Weſtern part of the Baltic). Dantzick and Koningburg are on 
the S. E. coaſt ; the coaſt of Courland on the Eaſt, and the Weſt end of the Gulf of Finland; 


the Gulf of Bothnia on the North; Stockholm, Calmer, and part of the S.E. coaſt of Swe- 
den, are its N. W. bounds. ; 


To find the Bearing and diſt, between the Ship and Place you took your dep. from. By Tr. Tab. 


Rule 1, Find the diff. of lat. of the ſhip, and the Place, in miles, in lat cal. find allo the 
mer. diſt. (made from the place you took your dep. from), in miles, in dep. col. and at the 
head of the table, if the X lat. exceed the dep. but at the foot, if it be leſs, you will have 
the bearing in degrees; alſo againſt the X lat. and dep. you will have the diſt. in the col. of 
diſtance. 1 | 3 

Rule 2. To find the bearing and diſt. between the ſhip and any other place whoſe lat. and lon. 
are known. Firſt, Enter the table with the neareſt degree of mid. lat. between the thip and 
the place, and with their diff. of lon. in diſt. column; and you will have the dep. in lat, col. 
Secondly. Enter the table with the diff. of lat. and that dep. and you will have the bearing in 
_ at * head or foot of the table; and the diſt, in its col. as in other caſes. [See p. 47, 

of Plane Sailing]. | vs 
48, 49, of Plane Sailing] A TABLE 


( 169 } 


A TABLE of che True Courſe, Diftance, and Courſe to be ſteered, by a Compaty which 
Mes 2 4 W. from the Downs, through the Britiſh Channel to Sea. A ſhip in the 
wns to fail; of EF | hs $7 


The Britiſh Channel 290 Miles from the S. Foreland to the Lizard; to ſail in the fair way 310. 

Note. That Uſhent and the Lizard bear N. and South of each other, diſtance 28+ leagues, 
which is 85 miles = 15. 25“; but the fair way of the channel between theſe places, is at 
one third of the width of the channel from the Engliſh coaſt, which is in the lat. 499.30. N. 
If you fail in the mid-channel till you make the Start, you will have the tide to ſet you 
towards the French Coaſt; for, in ſome parts, it ſets S. E. and.S:S.E. 


Oct. 15, 1775, at Anchor in the Downs. At 2 p. M. hove up, and made fail, Wind N. N. W. 


At 5 P.M. S. Foreland bore W.bS. 2 miles. We ſteered W. S. W. 
At 8 P.M. S. Foreland light N. E. E. about 3 leagues. At 7 p. u. tide from the N. till 12. 
At 12 P.M. Dengeneſs light, E.bN. 7 or 8 miles Channel tide flowed till 7 A. M. 
16th, At 4 A.M. the high land of Fairlee bore N. E. 5 or 6 miles. Courſe failed . S. W. 
At 8 a.m. Beachyhead bore W.bN. 4 or 5 miles. About 90 Sail in fight. 
At noon, Beachyhead bore N. N. E. 3 leagues. Courſe all this day W. S. W. 
At 4 p. M. do. bore N. E. bE. 3 or 4 leagues.) The 17th Day in the next page, 
At 6 P.M. do. bore N. E. bE. 4 leagues. { tor reaſons given in p. 10g. 


Remark. In the following Journal are found the bearing and diſtance of the Lizard from 
the ſhip, for ſeveral days, by Rule x, in p. 108: And the bearings and diſtances of the 
neareſt land, &c. from the ſhip, by Rule 2. But as neither the bearing or diſtance of the 
Lizard, are of the leaſt uſe, when you are continually going from it, only thoſe parts of 
land, rocks, ſands, &c. that you are approaching, the bearings and diſtances of ſuch places 
are of the greateſt conſequence, eſpecially in bad weather; ſo that you may fail courſes and 
diſtances as circumſtances require, in order to paſs, places of danger, at proper diſtances, which 
at all times ought to be duly noticed and regarded. It has too frequently happened, that 
ſhips working to windward 1n the Britiſh Channel, E. of Dunnoſe, by making too long a 
board, have got upon the ſand called the Ower this ſand is E.5N. 25 miles from Dun- 
noſe : But with 2 points variation W. the bearing is E.S.E.3E, and W. N. W. W. which 
I hope will be duly regarded, for the preſervation of yourſelf, the crew and cargo; for none 
teels the miſery of ſhipwreck, but thoſe who are ſo unhappy 28 to know it by experience. 


E. Remarks 


us Courts Courſe to | Diſt. Bearing and diſtance from capes, headlands, or highlands,! 
'| ſteer. miles. iſlands, rocks, light-houſes, &c. | 
3 ; 4 By the Chart, [Ales 
8. SSW. 82S. Foreland, by compaſs, WNW. is W. adiſt. 2 
SW. WSW. 20 Dengeneſs, NNW. is NM | — 3 
SWbWZ W. Wbs- W. 32 Beachyhead, NNE. lis N. - 9 
WSW;W.| WIN. 62 |Dunnoſe, — N. is NNW. 15 
| St. Catherine's Point, NbW: W. | is NWbN;W. 16 
| 33 |Peveral Point —  NbE. is NbW, 24 
| C. la Hague, —  SWbsS. fis S$þW, 26 
26 | Bill of Portland, — NbE3jE. [is NW. 26 
Alderney I — SE. is SSE*E - 21 
Caſkets, (rocks) — SbW3W. [is SE, - 19 
12 |Guernſey I. —  SbW. is SbE. 4 26 
38 | The Start, — NbE. [is NW. 19 
| 27 |Eddiſtone Lighthouſe, NNE. is N. — 24 
Ramhead, — NNE; E. is NzZE. J 36 
| 58 The Lizard, — NE. is NNE. = 30 
Land's-end, — NE. is NbW AW. -| 36 
Total 316 Uſhant I. — _$bW. [is SbE. — 58 


E 


HR K.] Courtes. inds. Remarks on Thurlday, 17th Oftober, 7775. — 
ire Note. In the day time when we can ſee land, we do not 

80 5 | heave the log; but in the night we keep a log account, as 
10 4 ISbWaW. in the adjacent columns. 

12 | | 

2 ; x: | NW. WSW. At 4 b. u. Beachy bore N.E.bE. 3 or 4 leagues, 

4| 3} 1 | NWbN. | Wbs. At 6 P. 4. ditto _ N.E.bE. do. 

e NbW. WbN. | Cloudy with a great ſea, ſet mizen TS. and jibb, reeft the 

8 N=E. NWbW.] TSalls. ; 
100 WNW At 8 a.m. Beachyhead E. S. E. 4 or 5 leagues, 

12] | At noon, Beachy bore E.bS. Brighthelmſtone N. W. 
H. K. r K.] Courſes. | Winds. Remarks on Wedneſday the 18th October, 1775. 

714 SEW. | W“UODS. 

8] 4] 1 At 3 P.M, Beachy E. bN. N. 5 leagues. At 6 it bore E. 18. 
10] 5 SbE. At 8 in firſt reefs (TS.) topſail. | | 
12| 4| 1 At 10, ſtowed jibb, and mizen top: ſail. 

2| 3| WbNzN.| SW. At 1 A.M, in ſecond reefs, top-ſails, At midnight we had 

314 WNW. ſtrong gales and heavy ſqualls, with conſtant rain. 

414 NW. WSW. | 

5| 4 1 | NNW. At 8 A. M. Beachyhead E. S. 7 leagues, 

741 N. Out ſecond reef main top-ſail. 

81 At noon, Beachyhead W. bN. N. 5 leagues. 

H. N. K. Courſes. Winds. Remarks on Thurſday the 19th October, 1775. 
n N WoW. 
4 | WNW. i 
7311 | NbE. Freſh gales, cloſe reeft the top-ſails, ſtowed the jibb and 
8] 2] {| Wöbs. NW. mizen top- ſail. Beachyhead bore E.bS. 7 or 8 leagues. 
| 9] 2] 1 | WSW, 
10 3 
[2] 2 

N 

4 I] 1 | | 

6 NNW. | W. Dunnoſe bore N.W.bW. 5 or 6 leagues, Out 2d reefs TS's. 

8 Strong gales and Squalls. At noon, bore away for the Iſle of 

[12] | | | SWbS. Wight. | 


At half paſt 3 p. M. came to 


Thurſday the 19th, continued. 
an anchor on the Mother-Bank in 5 fathoms water. Veered 


out about 70 fathoms of cable, in the night: Heavy guſts of wind and rain at midnight, 
veered away to a whole cable. 


the ſecond ſervice of the ſmall bower, 


the whole cable ſervice, N. B. Jibb aud gibb, denote the ſame ; but ſome uſe one, avd ſome the other. 


Friday the 2oth of October, 1 


775. 


At 4 A. M. the anchor ſtarted; let go the beſt bower anchor; lowered the yards down; 
got down main-top-gallant maſt. At midnight hove up the beſt bower anchor, and hove in 


Wind W. 


Saturday the 2 1ſt of October, 1775. 
Wind and rain; wind more gentle, at N. N. E. 


Note. The ſhort Service is about 60 fathoms; the long ſervice is 1 cable: Or the half cable ſervice, and 


Sunday 
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Sunday the 224 of October, 1775. 

The forenoon cloudy, with rain; wind N. E. bE. At half paſt ro, hove up, and made 
fail, wind E. N. E. moderate breezes, and cloudy. 
At 1 P.M, the Needle Point bore E. 2 miles. 

At 2 P.M. Peveral Point 3 leagues. Wind N. E. 


—— 2 _——— 


H. K. K. Courſes. | Winds. Remarks on Monday the 23d of October, 1775. 
2 N. Freſh gales with rain. Handed main-top-gallant ail- 
| 4 At 4 P.M. the Bill of Portland N.bW. 4 leagues. 
6 | NbW. | In firſt reefs, top-ſails. At 6, Portland N. N. W. 4 or 
81 4] 1 WIN. 5 leagues. At 8 p. M. Portland Lights N. E. 6 or 7 leagues. 
1014 Freſh gales with a head ſwell. 
121 ot j WS. NNW. At 4 A.M. I took my departure from the Start, it bearing 
2| 4 W. N. E. b. 8 leagues, its lat. 30.0“ N. lon. 30.47 W. 
4 311 At 8 A. u. the Start bore N. E. bN. 7 leagues. 
6] 3 Wb N 
18 3] 1 
10 3| 1 W. At noon we ſaw the land, bearing N. E. bN. 8 leagues. 
CE 39 $2.05 HRT 
H. K. K.] Courſes. | Winds. Remarks on Tueſday the 24th of October, 1775. 
2 2 WIS. N Wb. Moderate and cloudy. 
4 2] 2 | Wbs8. 
6| 3] 3 [SWbW+W.|NWbW,| Handed mizen top-gallant ſail, in firſt reefs, fore and 
8] 3] 3 | SWbW. mizen TS's, | 
10| 3| 3 NNE. .| NW. 
2 2 2 | NNE'E. 
24 4 { NEbN. | NWbN, 
fall 3 At 8 A. M. we ſaw the Lizard, N.bW. 8 leagues. 
6] 2] 2 WIS. yy 
83 3 W. NNW. In firſt-reef main top-ſail. 
10 4 4 | WbS. NW N.] Set main top-gallant fail. : | 
121 44-4 WbS+S. Lat. obſ. 49735 N. 
| | Made S. 54'W. 62'. X lat. 36'S. dep. 0 W. X lon. 65 W. 
Lat. in by acc. 499.31. M. diſt. 5o' W. lon. in 45.52 W. 


Remark. That the departure found by the mid. latitude and the X longitude, between the 
Lizard and the ſhip, will be the fame with the mer. diſtance made, provided no miſtake has 
happened in the day's work: Theſe muſt agree before you proceed further. Whence the 
bearing and diſtance of the Lizard may be found, by finding in the Traverſe Table, the X 


latitude and departure, as in Plane Sailing. Alſo when the bearing and diſtance of the neareſt 


land, &c. is required, work by mid. latitude and X longitude, to find the departure; 
and then, by X latitude and the departure, to find the bearing and diſtance. But when the 
places bear E. or W. from the ſhip, multiply the miles contained in 19 of that latitude, by 
the X of longitude, and the product will be the diſtance, [See Table, p. 69.] Or find the 
latitude of the parallel the ſhip is in, in degrees, and the longitude, in lat. col. (Trav. Table), 
and you will have the diſt. in diſt column. 

Remark. The bearing of the Lizard, the firſt day at noon, after the departure, 1s the 
oppoſite point to the courſe made good from it , which is N. E. bN. E. and the diftance is that 
of the day 67 mules. 

The 2d day. Lat. of the Lizard 495.57 N. 

Ship by obſ. 48. 30 N. 


X lat. 1.27 M. diſt, 17.00. Theſe in miles are 87 and 
A LOG- 


(E, which gives the bearing N. 37 E.— 109 miles, 


6 


A LOG BOOK and JOURNAL from the LłzaRD towards the WESTHINDIES, in the Thames 23 
Frigate, Capt. A, Blond, Commander; J. S. Firſt Lieutenant, cc. 4 
HK F. Courſes. | Winds. Remarks on Sunday the 21ſt of January, 1976, 43 
. | Variation 2 points W, | 3 
3 At 4 P.M. the Lizard bore N. E. diſt. 10 leagues, that = 

| 4 NEbF. | is, the ſhip bore from the Lizard S. W. by compaſs, diſt, 3 
51 2 WbS. { ENE. zo miles; corrected is S. S. W. Co 
6| 1 | 6 6 The Land's-end bore N. E. 13 leagues, which corrected 2H 
8 2] 6] Wbst w. All ſails ſet. 3 
— 5 OR, Y 
O01] 3 1 
1113 | Uſhant, at noon, W. S. 47” E 
121 2] 6] | | a Saw a ſail S. W. which we gave chace to; it was a E 
2p av ortugueze | 3 

; $ Os rs JOURNAL, 1t Day, 3 

3 3 Lat. by acc. 499. 0)! N. 5 
41 2] 4 Lat. by obſ. 49 .00 N. 4 
5| 4 Drove to and fro by the Mer. diſt, o .44 W. A 
6] 2} 4 rowling of the ſea, Lon. made 1 .08 W. . 
712 | Lon, in 6 23 W. Z 

81 1 2 calm. The Lizard bears N. 41 E. 3 

9 | Diſt. 67 m. 3 
10 Note. Your lon. made is from the Lizard, or any other AJ 
11 land you take your departure from. But the 1 
EY Longitude in, is reckoned from London or Greenwich, JH 
Diſt per log 400 ; | | __  Pun's mer. alt. 21% 04 J 3 
Lizard add 30 made _Courſe Diſt. S. W. NI. lat. lon. made Z. D. 68, 56 E 4 
Total 70 [8999/S. 412 W. 67 [50',3!144',3] 49 [1%.08W, Decl. 19 .56 _ = 

| | | | Lat. in by obſ. 49. 0 N. 


A TABLE of the working (the Traverſe) of each Day's Log-Book Account, from the 1 . 
Lizard, towards the Weſt-Indies. 2 


iſt Day. Courſes correct. Diſt. miles. N. 2... E. | W. 
SSW. | 30 — 757 * 11,5 See P-. 102, , Notes 
SWD WZ W. * 14 — 6,6 — 12,3 
SWI W. 20 — 12,7 — 1535 
Made good | 6 : Mid. lat. 49:*, 3 
S\\ bS+W, 7 505,3 143 Gives lon. 68“ 8 1 
2d Day, |-  W-" a dt A 
8. 1 — 1,0 — : . 
S\\ bS. : 2 3 —— 1 9, I — 1 2,8 3 
Made good TE, e 18 Z 
SW bS+ W. | 6.6 | Mid. lat. 492. * 
Or S. 39* W. | 37 abies 2155 Gives Jon. 33“ W. j 


—— — 2 — — 


d Day. | Made good 
SV bS; W. 


— — 


84,0 [Mid. lat. 47% ; 
Lon. this day 123 W. 


The 


— 


( 13 ) Z 


E = The Ton 52 21 Res Re marks © on Monday the 2 * — — 2 rg 
2 K.jFTCourles.[Winds., — Op ADA ä T 
23 7 = e Var. 2 points, W. 
i $3 H-#. 4 Rain, and a little Wind. 
| q 1 3] 1] 6 1 | 
2 i Te Www ey a Mer. alt, obſerved 1. L. 219.40! 
232 , | « gf Bro Add as in Table 3, p. 95, 50} 
. 10 | True mer. alt. 21 49 | 
2 7 4 | Z.D. 68.11 8. 
. k g calm. | Decl. I9 .41 » 8. 
=. 9 | Lat. in 48 S 30 N. 
=_ |'']- |. |. 1 JOURNAL. 
= 12] 1þ | SSW, NNE. | | Lat. by acc. 489.33“ N. 
3 1 1] 2]SWbW,] NE. | Lat. by obſ. 48. 30 N. 
1 22 6717 | Mer. diſt, 1.06 N. 
E 3 2 2 Lon. made 1 .41 W. 
A 4| 2] 4] SW. | ENE. | | Lan. - 0 5. 
= |:|2|4 5 A Out all recfs. Lizard bears 37. 00 E. 
6 wow E. 485.30 — 69 56“ ſhip. Diſt. 109 miles. ; 
| 2 17 43 .53 — 4:55 DER: 1 
18 4 23 — 2.01 ant ars pe 
rer M. lat. 48.41 gives dep. 793 E. }ENEZE. 82 m. F 
ro] 2] 6| A large jſrowling ſea from the E. 1225 ſet the ſhip towards the S. W. | 1 
111.1 13 | | 1 
12 3 | — [ 
{ Diit. per Jog 35 mies. Tat. v. B. 79.5 N Courte Dit 8. NI at. | 4 
I | Made 27 S. made. = 4 
5 . \Lar. in _ 488.33" 3 N. S. 29 W. 3 26,0 [215 4 BZW. f 
N The MeTrop of collecting the Particlars of the Journal, from the daily Account (of the [ 
2 | Difference of Lat. Dep. and Lon. made) that Day. | 
2 | Lat, of the place we took our dep. | Mer. Dift. | Lon. made 22 obtained he lat, 
3 from. made from from the | in, the dep. made from the 
4 The Lizard in lat. 49% 5 N.] the Lizard. | Lizard. merid. of the Lizard, and 
; We made ' - 0 50 S. |dep. 0*44'Wſ|lon. 15. 08“ WI the lon. you are then to en- 


21ſt. Lat. in by account 49 .07 7 N. 4 ter them in your Journal. 
d W Thoſe particulars are to 


Tat. in v. B. by obf. 49%.00'N.j O AA W 1 

| Made this day, - * .27 S.| 0.22 W 0. 33 W Pear 8 

22d. Lat. in by account 48%.33 N 1.06 1. 41 W which being ab % on 
5 . Lat in v. p. by obſ. 48. 30 N.] 1 . 0 W 1.41 WI aſte paper or on a flate, 
"i Made this day - 1.3.8. 1.24 W| 2.03 W];, chen to be entered as are 
b 23d. Lat. in by account 46.37 N.] 2.39 W| 3 44 W done at the foot of the 
1 Iat. in v. p. - 46%35 N.] 2.30 W| 3 ＋ Wi firſt day's log. (See p. 112), 
1 Made this day - 2.01 8.  .45W 1.04 W where are wrought the tray. 
2 eh. E in by account 44 34 d N. | 3 .15 W 4 43 W of the firſt three day S. 


Ff The ni 


| 6 4 ) 


[The third [Day's Log-tbok. | © _ Remarks on Treſday” The 2 23 T'of W 2232 
H.R. F. 7 Courtes,| Winds , n | 
2144 6 SE. Cloudy. 
6 | | 
| 4 6 - Variation by azimuth 19%, 20 W. | 
516] 2 | N 
6 51 4] p G 
816] 4} 3 
18 / 6] | In firſt reefs. | 24 2 
11] 6 - Handed M.S. JOURNAL. Y 
12].5| 4 | h Lat. by obſ. 469.35 N. 5 
1151 4 ; Lat. Dy acc. 46 37 N. 2 
417 Mer. d - 2.30 W. 3 
31514 Lon. — 4 - 3.44 W. h 
4451 41 Lon. in 8.59 W. : 
5156 | Lizard bears N.37 .oo E. ; 
615] 0 Diſt. 252 miles. 
716] 6 . 
| 9 6] 3 1 Var. 12 W. $ 
1100 6] 4 | = 3 
ar] 6] 4} lat. in v5. 485.30 N. 
. : Courſe. "ones foal made 1 +53 8. "I 
Per log 141 miles. PND. 1411 lat. in 465.37 N. 2 
Fourth Day 's 1 Remarks on I the 24h of January, 1996. © 3 
H.]K.|F.|Courſes.|Winds. I . | 1 
6 2] SW. |SEbE. 5 
2 516 49 WH 
4\ 5| 2 | 4 
1514 2 
6651 4 } | Y 
| 710] 4 | | JOURNAL. 4 
8 5 61 SWbs. 5 | | Lat. by acces 44.34 N. 5 
196 90 E. Mer. diſt. - 3.15 W. 4 
of 4] 4] Lon. made 4.48 W. * 
hit] 5| | | Lon. in 13 og W. 3 
1215 | n Lizard bears N. 31 . 00 E. 9 
156 o Diſt. 380 miles. 3 
2| 5] 6 Var. by azimuth 175.45 W. 5 
3] 5 1 
wh 6 531 Ship 44 34 — 9 40 W. ; 
1 5 6 | C. Ortegal 43J .52 —7 4.30 | _ . | 
6 2 | EbN.| Diff. 00 .42 —2 .17 =1 37” Dep. [of ka Ortegal ESE. 
71 6 | M. lat. 44%. 13 — JX lat. 42 [| 107 miles. 
| : : : Var. 1 point W. 
10| 5| 6 Lon. | Lat. in v. p. 467.35 N. 
111516 Courſe. Diſt.] S. W. |M. lat.] made. Made 2 .01 8. 
[12| 6| 2 per log 129 m. S.20W. [139 [12134] 45,0] 45: |1 104 WI. — in 44. 34 N. 
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SSW. W. | 235 | | 


| _ th Day's T.og. 2 Remarks on Thurſday the 25th of Ja anuary, 75" ns 
H. K. F. (Courſes. Winds. Reeit top-ſails, 
1| 8] 3] _—} 
12 8 5 SW. In firſt reefs. 
3 33 
1712 
5 JOURNAL. 
6 | Lat. by acc. 42.0 1 N. 
| 8 Swbw. Lat. by obſ. 42.03 W. 
| 8] 8] 6] 138 SE. | Mer. diſt. 5.07 W. 
| gf 8] 6 | Lon. made 7 .22 W. 
of 8| 3 | Lon. in 12.37 W. 
17008 Lizard bears N. 33 E. 
28 | ' Dift. 564 miles. 
io" , [Out all reefs. 
13144 40 42.03“ N. 125.4870 W. 
1467 iniſtere 43.03 — 9.06 W. 
ﬆ| 7 Diff, 1.0 — 3 42 | 
6] 7] 3 M. lat. 42, and X lon. 222” gives 
7| 71 4. dep. 163 E. Alſo the X lat. Ta and 17 E 
18704 dep. 163 gives = 7 E. N. E.; E. 174 miles, 
9] 7] 2 SEbE. | Cape Finiſtere bearing 
lo| 7| 2 
I1 7 4 Variation 1+ W. 
12 
= 191 miles. on. 8 in Y.D. 44. 34 N. 45.32 W. 
Courſe Diſt. lat. 3 made - 2.33 S. 2 45 W. 
F. 36⁵ W 190| —_ 2 [2234'W. [lat. in by acc. 42 .o1 N. 7.17W. 
44D Day. „ dre correct. Diſt. miles. N. nal ll E. | n 
SSW IW. 40 — 35,3 | — 18,9 [Mid. lat. 44“. 
SbW4W. go | — | 86,1 | — | 26,1 Lon. made this day 
232 1% W. 
or, S. 20 W. 4 5 1.0 
SSWZW. 53 Seren 46,7 — 23,0 IMid. lat 0 
I 1 JERRY | * 44 3 
ERS MY: |. | a? 1 Lon. made this day 
| or8.36 DW: e |. [1534] — | ung] 3 s W. 


[Mi id. lat. 42”, gives 


lon. made 15 03/ W. 
— —— —UEUäm . 


SSW. W. | 20 

SWbW+zW. 16 

SSW. 8 

Sz W. 3 

"WE 
WNW<W, 23 

S\VbS 
Or S. 3 3% W. 4 TP 


— — „— — En | 


Mid. lat. 41, gives 
lon. made 1. 15 W. 


Sixth 


116 ) 


6 * 


| Sixth Day's Lg. 1 - Remarks on Friday the 26th 8 2 TILA = 
H.|K.|F.] Courſes. j Winds. | In 1ſt reets. bs | 
Tr 8] 6 SW:ZW, | ESE. | A ftrong gale but ſteady. - 
297 The gale increaſes. 
| 319 7 In 2d reefs, | | 
: 18 JOURNAL. 
610] 1 Lat. by acc. 38%. 41 N. 
71 9] 7 Lat. by obſ. 38.40 N. 
819 6 Mer. diſt, 7.08 W. 
918 7 Lon. made 10. 01 W. 
10 8] 3 Lon. in 15.16 W. 
11180 5 * The Lizard bears N. 32 E. 
12181 4 i Diſt. 803 miles. 
118 7 Burlings E. bN. - 308 miles. 
28 5 Cape Roxent E. 281 do. 
318 5 C. St. Vincent S. 72 E. 330 do. 
4491 In 385. 400 are 46,85 miles in 15, and 46,85 
ö 5 | 9 4 | | * 6 
: 9 7 | Diſt. 281,10 
. 10 z Ship 385.40 - 19.160 K. lat.] X lon.|dep. 
110 2 Burlings 39.36 — 9.10 56 | 366 286 
49 il 7 C. Roxent 38.40 — 916 o 360 281 
1143 C. St, Vincent 30 .58 — 8.45 102 | 391 | 309 
12 121 1 A — ty po * TED 
Per log 235 miles. Courſe. 5 . M. lat. 5 made] | 
x | | SW W Wil 235 201,6 120,8 40; | | 29.39 W. | 
Sch Day. [Courſes co correct. Diſt, miles, N. | S. Ws .< W. — Remark, the 8th 
 NWNzW. 3 1,7 — — 577 day. The 2d courſe is 
| WNW-:N. ; 19% Un *! lwrote as it was on the 
NWZ N. 2 e ee ee 22 log board WN WIN. 
SSE. E. = 824 1,8 | og | — [whichisNWbW;W 
SrW. r es * . fand muſt be taken 
Or NW W. 5 350 Ke — | 4.0 of the Traverſc 
ESE R. 4 Wo o,7 | 1,9 — [Tableaccordingly, or 
EbS2E. 2 and 0,3 $0] |= N. 54 points W. Alſo 
Ez N 6 0.3 | — 6.0 | — the 3d cou. NWN. 
| WSW-W. oo | Lb 13] = þ 47 WhichisNWbNz W. 
SWb W. W. | 5 4 — 2,6 * | 4.3 * N. 3 points, "and 
4 WSW. 6 | = | 2,3 _ 5,5 T W. and ſo to be 
| WSW-W, 18 — ESE taken out ou the 
 WbSxW. |[Dift. made. 10,5 | 14,8 | 10,8 | 50,9 9 rere Tal * 
Or S. 84 W. $71 3.1 Fa || 10, 
E 4 7 1 2 4,2 | — | 49, 


LOG- 


> i , 
e 3 ba \ 
* 8 * r 
2 OCD RS 
a" Fa" * e „ p _w_ 
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- LOG:BOOK and JOURNAL, in the Themes Frigate, Capt. A Bland; for Jamaica. 
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RULES for Coxxzerive the DEAD RECKONING. 


There are various circumſtances which occaſion the difference between the lat. by account, 
and that by obſervation; and ſometimes it will happen that the difference may be 10, 15 or 
20', in one day, and at other times ſuch difference may be in two or three days: When this 
happens, and the latitude being correct by obſervation ; for which, it is neceſſary to make a 
correction of the meridian diſt, when your account is to be adapted to a plane chart; but 
for a reduced, or mercator's chart (as deſcribed in p. 85, 86, 87,) you mult correct the lon. 
becauſe in the plane chart you find the place of the ſhip, by the lat. and mer. diſt. but in all 
mercator's and reduced charts you find the place of the ſhip, by the interſection of the meri- 
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[HJK. "Winds. L. Way! Remarks on aturday 27th January, 1776. | 
2] 5 erase N Variation 11 point W. | 
3] 5| 1 | 45 ö 

. 1 3 | 
5| 4 Nr.. 3 2aW | 5 
Al 4 1 1 o Out all reefs ' | 
713 4 | 

E N. ei r 3 
9 3 NW. |: point | Rain. | | 

10] 2 5 N Eg | | 

111 1 0 | 

12] 1 P—:5 3 
I] 1 =” Heavy ſhowers. 

2 [oh x WNW. W. | _—_ 19 

3-1] 4/4 SSW. 3 þ WNW. [14 | 
4] 1: 4 SbE ape SWbW. o: | | | 

5 1] 4Þ* SEbS, ] 3 s JIouRNAL. 
5 1] 416; WNWZW. ] SWbs. 12 Ilat. by acc. 48%.08'N. 
HF 3 | er. diſt, 7.57 W. 
T Ion. in 16.19 W. 

1056 | þ 146 IA fine gale, Lizard bears N. 34. 0 E. 

i r FT Diſt, . 850 miles. 

121 rr . — 2 * —— z— — — 85 

Per Log 73 miles. T7 | Courſe. | Diſt. | \S. VE. | M. lat. | Lon. made. 

. n r 


dian and the parallel of latitude paſſing through the longitude and latitude you are in; that 


is, where the lines of the latitude and the longitude the ſhip is in, meet, is the place of 
the ſhip. 3 

The cen of the Dead Reckoning may ariſe from the courſe ſteered, ſometimes by bad, 
or careleſsly ſteering the courſe ordered, by too frequent yaws, eſpecially in the night; or by 
the compaſs ſteered by, not traverſing well; alſo the ſteering of the ſhip may be free from 
yaws, the time the log is hove, by which ſhe will make more way than at a mean rate of 
failing between the times of heaving the log; or the wind may happen to be a little ſtronger, 
or weaker, by which the officer of the watch would give her more or leſs way than ſhe had 
made: Theſe are particulars for which no correction can, with propriety, be made. 


G g * Sec 
+ By Dead Reckoning, is to be underſtood, the courſe, diſtance, X lat. and dep. made in one or more days, 


when applicd to the account of the day wherein the lat, was obſerved. 
| For the following, ſee page 119. 
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| Courſes. '7; | Winds: L, Way. JRemarks on Sunday the: 3B 
WNW W. SWhbs. 11 point. al. points M 
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_— x Mer, 8 fis 1.1. M $11 15˙8. 
WOW. q *'1 nprniin Add as in Tab. III, p. 95 T * 2 


. '6 NW IN. MSW. IT True alt. waa ' . 44 | 
6 2 SW. WhsS. 17 : is 1 
7 2 | 219 63106) + te od A 
5 SSW2W. WNW. . Tai in by obf, 38 
caſlm drift 1 m. perh Lizard 47.0 
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| Ship 38 . 0 


by 57 
| F — 
: 1 717 
i a ep. 3+ 2 
Sb W. [o+ 3 ZS 
| Lat. by acc. 38% N. 
| : Ma 38 oo N. 
| 4 Mex. diſt. 8.37 W. 
I SbE. 12 | Lon, made 11.55 W. 
; VIE; 1 Lon. in 17.10 W. 
LE Lizard bears N. 36* E. 
| Diſt. 885 miles. 


| . [M. lat. Lon, made. 
2 380 1 Bb f 
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bt | | | Lat. by acc. 352.50'N. 
1 | Lat. by obſ. 35.46 N. 
ns | 3 Flt Mer. diſt. - 8.57 W. 
[ r | „ made 12.19 W. 
INE. Lon. in 17.34 W. 
. 2. 0 Lizard bears N. 327 E. 
N | Dutt. 1010 miles, 
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2 N. [Courſe made. I Diſt. 
Per log. 133 miles, {| 8. Lt. | 132 130,0 225 37? 24 W. 
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_— 
* 


— 


2 * (EY 3 i 
4 Winds, Re marks on Tueſday the zoth of ſanuary, 1770: 3 N 


p . 4 x 7 1 N. Variation TS point . 22 0 
3 2] 7| | A fine gale, but foggy. j 
. 317 At 4 f. u. took leave of the Commodore; convoy to the Weſt | 
20 4] 7 | India Fleet, about 2 50 fail. ö 
1517 I In ad reef. | 
4 517 Lightened towards S. E. | 
A 4 [OR 
187 Saw a ſail towards the Eaſt. 

= [97 Down cheſts and up hammocks ; cleared the gun deck, and 

=_ || 7 made ready for fighting. | 
4 5 11 6 Saw a fail to the S. E. JOURNAL. |; 
2 | Lat, by acc. 33.14 N. 

* : Lat. by obſ. 33 .12 N. þ 
9 A 21 5 Mer. diſt. - 9.43 W. 1 
0 3] 4| Up cheſts and down hammocks. Lon. made 13.15 W, F 
5 8 4] 5 Out all reefs. Lan i - 1830 W. | 
1 8 5] 4 | | Lizard bears N. 30 E. 1 

1 6 5 ti Diſt. 1160 miles. ; 
{ , | | At noon, Madeira S.bW. 12 leagues, 1 
2 | | | Li 2 7 ] 
[ Squalls, in 1ſt reefs, 1zard 49%. 57 0 
L . 4] | Squalls, 8. Ship 2 b 
11] 7 | | | F 16 45 = 1005 þy 
12; 6 21 2 | 0 M. diſt. 9.43 583 | 
Per log 159 miles. Courle : [M. Lon. Ship 3357 T2 — 18.30 W. 1 

made. wo Diſt. 8. ' W. lat. made. Madeira 32 30 17 28 W. 

Sb WW. 259 52, 40, 134 [W. Diff. 42 — 1 02 
os 2 1 I * Bears S. 51 E. Diſt. 67 miles. 


Remarks on Wedneſday the 3 iſt of January, 1776. 

At 2 P.M. we made the Madeira; and at 5 p.m. came to anchor in the road of Funchall. 
So ends this Journal. | 5 | 
N. B. That 5 p. . noted under the 3 1ſt, is abſolutely the 3oth at 5 p. M1. for reaſons given 
in p. 106, for all afternoon hours, belong to the foregoing day. 


See Art. 7, p. 103. Note that the error of lat. by the courſe and diſt. ſeldom differs more 
than 3 or 4': but the error in the lat. ariſing from other cauſes, may, be 20 or 3o', or more, in 
one day, and this generally happens when in a tide's way, or where a current fo acts upon the 

ſhip as to increaſe or retard her motion through the water, ſo that the difference of the 
diſtance given by the log and glaſs (and that made by the ſhip) may be 3 or 4“ an hour, as 
in failing along coaſts, and in gults and ſtraits. Ships coming from India towards the Cape 
of Good Hope are frequently fet from 30 to 60 miles in a day, a-head of their reckonings. 

By high feas and ſudden ſqualls, the way a ſhip makes, or the courſe, is impoſſible to be ; 
de crmined; and therefore, to correct the meridian diſt. or the longitude made in ſuch days, | 
is alſo impoſſible. * 

Having ſaid what is neceſſary of the fore-mentioned particulars, where correction cannot 
be made, I now propoſe to ſhew wherein it may be made, when the lat. by account, and 
that by oblervation, differ. 

. When you have made all proper allowances of variation and lee-way, and obtained, the ſet 
= andrift of currents, (if any) and theſe taken into account; and after all find your lat. by 
= account, au by obſervation, difagree ; then before you can think in the leaſt how to make 4 

correc- 


* For the following ſec p. 121. ; 


Cue 0. 

HE following is 2 * ournal from Teneriff, one of the Canary Iſlands (che 

of which x. Ju be ſeen on miles diſtance at fea) : Its lat. 28.2 Pr 

W. lon. Ibis Journal falls in with that which I kept on board the Prince Henry Indiaman, 

from the Lizard to St. Helena in 16 S. lat. and 5. 54 W. Jon. I have adapted the ſame 

months and days of the Month, to the year 1776, and all the other circumſtances that 

happened after the 3d Day of February, where this coincides with mine, both in lat. and 
longitude ; together with the remarks made on ſaid voyage, in the year 1761. | 

February 1ſt, at 9 A. M. we took our departure from Teneriff, bearing E. S. E. diſt. 21 
leagues. And at noon, we were in lat. 28. 39 N. and 15.54 W. lon, from the Peak. 


Lon. made! Lat. b | , Bearing and diſtance 
| | Kay Dep. each day.] acc. "| Lat. by obſ. n. to the veareſ Land. 
Feb. 5 . | 5 , At noon, Peak of Je- 

I 1.54 2.390 N 28. 30 N. g. 18.19W| neriffe E. S. E. diſt. 
| 2] 62S; 152W| 2.56W 27.28 27. 30 N. g.] 21.15 33 leagues. 
| 3] 67 | 158 | 3-10 {26.21 [26.23N. | 24-25 | Var. 1+ point W. 
4 73-1: 36. 4 3-81 25.03 |25.09N. g.] 25.46 
5 8 | 32 | 0.36 25.00 25. ozN. 26.22 
6] 28 36 0.40 2432 [24-35 EIS 
5 43 | 0.44 23.39 |23:42 27. 4 al 
5 1 27 | 0.30 —— . 28.16 Var. by az. 6.48 W 
9 152 | 25W]| 0.27W 19.48 19.40 28.43 Do. 6.07 
10 179 | 14E] o.15E 16.49 16.52 28.28 Do. 5.57 
11] 165 | 47 | 0.49 14-04 | 14-10 27.39 | Do. 4.51 
| 12] 138 | 57 {| 0.58 11.46 11.50 26.41 [Do. 5.40 
| — 154 | 64 |] 1.01 | 9.12 9.24 N. g. 23.40 Do. 4.10 
orr — 12 |+ 5 | | | 
14] 131S 048 | 1. 5E | 7 13N| 7.10N, 24.35 W 
15 120 58 [o. 59 E | 5.13 | 5.08N. 23.36 Do. 8. o W 
16] 10833 | 1.33E | 3-25 J 3. 25N. 22.03. j DO: ____ 5-43 | 
17] 19 3E | 0.59W | 3.06 | Cloudy. $3.9 
180 29 o | 0.00 2.37 | 2.17 bad} 23.'0 
10 30 | 28 2.53W | 1.42N} 4,42N g. 23.53 {| Do. 5.00 
ſ +25 |+26 | 
20 7, 21 1.37E | 1.015 bY g.] 24.16 [ Do. Lad 
21] 61 | 43 | 0.43W Io. o | 0.00 g. 24.59 Do. 4.15 
22] 22 | 32 W o'22W | 0.22 | 0.22 g. 25.31 | Do. 3.30 
23] 54 | 11E| o.11E | 1.16 | 1.16 g.] 25.20 Do. 3-20 
244 4o | 16 | 0.16W 1.56 | 1.56 g. 25.36 Do. 3. © 
| 251-911 14 514 3.27 | Cloudy. 25.50 Do. 2.30 
266 88 21 0.21 4:55 Do. 26.11 Do. 1.43 
27] 127 | 33 | 0.33 7.02 | 7.029. g.] 26.44 Do. 1.20 
3 280 123 | 59 | 1. 0 9.05 | 9.07 K. 27.44 _ Do. 0.40 _ 
March 1] 1219] 53W, 0.54W [11,06S|11.10 g. 28.38W| Do. o.15E | 
| 2] 137 | 49 | 0.53 13.23 13.288, 29.31 2. 10 
| 3] 128 | 13 | 0-16 15.31 [15.31 g. 29.47 Do. 1.45 
44 95 | 19W}| o. 19 [17.06 [17.10 g.] 30.06 Do. 2.10 
5| 112 5E | o.05E [18.58 [19.05 g.] 30.01 | Do. 2.36 
| 6] 88 7 0.08 20.26 20.32 g. 29.53 | Do. 2.50 
| 11--9+ 1-3 
Pf + 4 | 0.42 22.12 122.12 g. 20.31 Do, 
| 1 
correct * — w. 0.41 23.11 [23.11 g. 28.30 | Do. 


Note. g. ſtands for good; that is a good obſervation, 


'N. and {pp 


4 


Ton, madeſ Lat. by 7... :. | Bearing, diſtance and | 

X lat.| Dep. each day. | acc. Lat 1 md we”. in 1761. 

{March 4 | S 0 "20 0 ki ad 0 A 0 Wy * 

| 9608] 45E | 0.50E 24.118 24.118. g. 27-40W| Var. by az, 3.00E 
| 10] 1008 76E | 1.23 25.51 [25.51 mid] 26.17 Do. 2.50 

11] 74S] 4gE| 0.56 27.05 [27.05 g. 25.21 | Do. ES -- 

12] 89S] 323E| 0.37 | 28.25 |28.25 g. 2444 Do. 1.33 

13] 85S] 49 Eo. 56 29.50 29.50 g. 23.48 | 

14 105] 1g9E| o0.21E [30.00 [30.00 g. 23.27 3» 1 

15] lod SWI 0.06W 30. 10 [30.10 g.] 23.33 | Do. TIF : 1 

16] 215] 118E | 2.16E 30.31 30.30 g.| 21.17 Do. $.9S | 

17 10S] 35E 0.42 30.40 30.44 g.] 20.35 Do. 0.20 
| 18] 2088 10E| 0.11 31.00 [31.0 g.] 20.24 Do. 1.30 

i | 19] 38S] 86E | 1.39 31.38 [31.38 g. 18.45 Do. r.3;5E 

20] 30S] 92E 1.47 32.08 | 32.08 | 17.46 | Do. 0.30W | 

21] 168 139E | 2.44 32.24 fcloudy 14.14 | Triſtian de Cunha 

22] 580 168E 3.20 32.29 32.30 mid.| 10.54 S. 9 E. 290 miles. 

23] 29N] 120E | 2.22 32. 00 [cloudy 18.32 | Var. by az. 3.30 | 

24] 22 3oE| 0.34 [31.38 [31.38 g| 7-58 | ; 

251 fox 36E 0.43 [31.28 [31.28 &-| 7.15 Do. . % 

26] 33 89 E 1.44 30.55 30.54 . 6.10 

| 27] 95n] 77/E 1.28 29.20 29.20 g. 4.03 | Do. 7,00 | 

28] 698] g2E| 0.379 [30.29 30.29 g | 3.26 | Do. 8.20 
29] 49] 42E 0.48 30.33 [39-34 8 2.38 | Do. 9.00 

3o] 1135] 9E 1.45 28.40 [28.40 g. 0.53W] Do. 10. 10 

| 31] 169 [ 86E| 1.379 [25.51 [25.59 g.| 0.44E | Do. 10.30 

April 1| 1838 46 E 0.50 22.48 [22.56 mid. 1.34 Do. 11.30 

| 2] 169 [ 32E 0.35 20.01 [20.05 g.] 2.090 | Do. 11.50 

3] 1.548] 27E | 0.28E 17.27 17.31 g.] 2.37 Do. 12.40 

44 68N25WI 0.26W 16.19 16.23 g.] 2.11 Do. 12.40 

5 55] 65W 1.08 16.25 16.25 g. 1.03 Do. 11.430 

6| 29N| 36Wl 0.38 115.56 [15.566 g. 0.25 2 2 


In the bay, off Sugar-loaf Point, where we came to anchor in 10 fathoms water before 
Union Caſtle, St. Helena, April 6th at 7 a.m. 1761. 17 

The longitude of Union-Caſtle is 5. 54. W. from the meridian of London. 

The longitude of do. by account 0. 25 E. | 


5 — —— — f Kd 
Error in lon. by our account, was 6 ,19 E. (that the account was E.) of the place we were in, 


r "5 


correction to the particulars you before corrected, according to the beſt of your judgment, 
you muſt meaſure the log-line, and try the glaſs by which the line was reckoned ; and after 
trial, ſuppoſe both the glaſs and the line to — lengthened, which is frequently the caſe in 
damp and rainy weather, with high winds and rough ſeas, fo that the glaſs may run near 1 or 
2“ longer than it ſhould, and the line may be ſtretched in due proportion, to the running of 
the glaſs z when this is the caſe, no correction can be made of diſtance. 

Suppoſe the glaſs runs 28”, and the line adapted to it be 42 feet; that is 4”' to 6 feet, 2 
to 3 feet, and 1” to 14 foot; fo that if the glaſs runs 29” and the diſtance between the knots 
being increaſed to 434 feet, ſuch glaſs and line will give the true diſtance agreeable to the 
28“ to 42 feet; and ſo of any ather glaſs and line, being lengthened in ſuch proportion: But 
if they are not found to be ſo, correct by the proportion as mentioned in p. 105, I appre- 
hend the courſe a ſhip makes good in a day may be determined to 3 of a point, and that the 
true diſtance may be found within the limits of 6 miles; now taking 6 to be the extreme 
error (when currents have not acted): And if the courſe be N. or S. or if it be 2, 3, 4, &c. 
points from the meridian, or from E. or W. then + point error in the courſe, and 6 in the 


diſtance, will alter the latitude as per table following, 
| . If 


( 122 ) 


I the error of the diſtance gives 6 miles. . | 
When the courlſe| X lat. Dep. - —1 2 
| is 1 point, | 5,9 I,2 If the error of latitude 

2 5,5 2,3 | by account does not differ 
3 5,0 | 3,3 | more than as per column, | 
4 4,2 | 4,2 | do not correct the mer. | 
5 3,3 5, | diſt, or longitude. | 
6 3 1.38.11. | 
4 1,2 | 59 

8 6,0 2 


RULES for correcting the Darty' Account: A very precarious thing, 


1. When your courſe, or courſes made good, for one or more days, does not exceed 2 points 
from the meridian, and. the difference of latitude by account and by obſervation does not 
exceed 6 or 8', you may omit correcting; but if it be 10“ or more, then examine to find the 
real cauſe, or what is the moſt likely to have produced it, and correct accordingly. 

2. If you be near a coaſt, the flood and ebb tides will run nearly parallel to that coaſt , 
and when it ſo happens, you are to find by your tide table the times of high water at different 
places along the coaſt, by which you will find the way that the flood tide runs, as alſo, 
that of the ebb; you are then to find the time of high water that day on the coaſt; and by 
that and the ſet, you may find if it could be the cauſe of the difference of the latitude ; and if 
ſo, correct accordingly. | | 

3. If you cannot find any cauſe of the difference of the latitudes, then paſs it; as you had 
better omit correction, than to correct without reaſon, For it is certain, that neither the courſe 
nor the diſtance can be juſtly obtained. There may happen in heaving the log 24 times, 
to be 24 quarters, or 6 miles, error, ſometimes leſs and ſometimes more; and at other times, 
the errors in diſtance may nearly correct each other; and the courſe or courſes corrected, may 
be nearly true. | 


Note. That corrections of reckonings in mer. diſt. and lon, ſhould ſeldom be attempted ; 
except by celeſtial obſervations. | | 

4. If the courſe made good be between 2 and 6 points, and if the Diff. of the latitudes 
be 4 or 5'; and being out of tide's way, which ſuppoſe to be 10% from any coaſt; then 
correct the diſtance and mer. diſtance by the diff. of the latitudes and the courſe, by which 
you will find the increaſe or decreaſe of diſt. and dep. which being done, find the longitude. 

When you make a correction of mer. diſtance; find the longitude made, by the mud, lat. 
and mer. diſt. as directed in p. 102, | | 

5. If a ſhip makes her way good (by account) due E. or W. in any given lat. and if the 
error in lat. be 127; this error cannot be produced by + point error of the courſe, or by the 
diſtance, therefore the effect muſt have been produced by ſome other cauſe, which you mult 
ſearch out, and correct accordingly. When the diff. of latitude happens to exceed thoſe that 
are in the column under lat. in the little Table foregoing, you may be ſure that a current 
has in a great meaſure occaſioned it (if the log-line and glaſs be true) : In this caſe, when the 
direction of the current cannot be found, no correction ought to be made; but if you can 
nearly aſſign the ſet of the current, you may correct accordingly. 

6. When the variation is well determined by obſeryation, the courſes may be truly cor- 
rected; and the courſe made good from day to day, may in general be allowed not to err 
more than + of a point; and the error in diſt. where care is taken, can ſeldom exceed 6 miles; 
ſo by trial, if theſe do not make the lat. by account and that by obſervation agree, you may 


attribute ſomething elſe to be the cauſe, which try to find by the foregoing, and correct 
accordingly, 


REMARKS 


(. 229 -} 


REMARKS on the JOURNAL to Maveira, 


By the direction of the coafts of France, Spain and Portugal, I apprehend the tide flows 
N. N. E. and ebbs S. S. W. and makes high water on the full and change days, at different parts, 
from 12 to 3 P.M. the drift between 2 and 3 minutes an hour. : | 

The firſt day after our departure from the Lizard, the lat. by obſervation being 7” S. of 


that. by account, by which we may with reaſon attribute the ſet of the ebb tide had drove 


the ſhip nearly S. S. W. ſo as to occaſion the difference 7 S. I therefore correct as under. 
Diſt. S. [W. Whence the Lizard bears N 40% E. diſt. 74 
Made by account 67] 50,3 | 44,3 miles; and we have 18. 120 W. lon. from the Li- 
Correct S. S. W. 7] 6,5 2,7 ä zard; for 2,7 dep, under 490, gives 4” longitude, 
Made good S. 40 W. 74] 56,8 | 47,0 | 


The ſecond day (after our departure) the difference between the latitude by account, and 
that by obſervation, was 3'S. which we may attribute to the ſame cauſe as of the foregoing 
day, but ſhall not correct for ſo ſmall a difference; as the like differences 3, 4, or 5 per 
day, may happen for ſeveral days together; and when the tide acts contrary ways on the 
ſhip, the contrary effect will happen; which is a common caſe, 

The third day, we were 2'5S, of account; the fifth day, we were 2. N. of account; the ſixth 
day, 1'S. the eighth day, 47 S. the ninth day, 4'S. the tenth day, 2'S. 

At 2 p. u. made the Madeira, where we found our reckoning was 10'W. of the ſhip : Now 
if we correct the account for the exceſs of Southings, which is 14 S. by ſuppoſing the error 
to be in the diſtance that the ſhip got a-head of the reckoning, whether by the log-line being 
too long for the half-minute glaſs, or by the officer's of the ſhip giving her too little way on 
the log- board; from either of theſe, we muſt take a courſe, about a mean of the courſes 
made theſe nine days paſt; ſuppoſe S. W. bS. this will give 9/4 Weſting; by this and 40˙2w 
the mid. lat. we got 12 W. longitude, which makes our reckoning worſe ; but this was not 
the caſe, for we were 12' in lon. W. of what the ſhip was in, therefore both the foregoing 


probabilities of the error in lat. were wrong; and as our compaſſes were pretty good, when 


compared with the azimuth compaſs with which we made our obſervations, to obtain the vari- 
ation: This being the caſe, no correction can be made for an error in the courſe ; we mult, 
in conſequence thereof, attribute the error to have been occaſioned by the tides, and that they 
had ſet the ſhip towards the Eaſt; we may, therefore, with reaſon ſuppoſe, both by this Jour- 
nal, and many others, that the force or drift of the tides (when ſailing within 6, 8 or 105 
of the coaſt) ſet ſhips towards the Eaſt, and the nearer you fail to the coaſt, the greater 
will the drift be; which ought to be regarded, | 


REMARKS on the JOURNAL from Tezxzriry to Sr. HxIENA. 


The iſt February, at noon, the lat. by account, and that by obſervation, agreed; and 
after three days failing, the latitudes only differed 17; from thence to the 12th, they only 
differed 4' ; but on the 13th, the difference was 12'N. of account; and with good reaſon ; 
for by viewing the chart of the coaſts of Africa and America, it is evident that the principal 
effect of the tides will be nearly W. N. W. this courſe and 12“ diff. of lat. will give 29,5 dep. 
W. and this dep. and mid. lat. 10 will give an increaſe of longitude 30 W. 3 

19th, The moſt part of the laſt 24 hours, we had a conſiderable ſwell from the S.E. there- 


fore have made the correction as in the table. | 


March 7th, 1761, By our account, the ſhip paſſed the I. Trinidada, which iſle we expected 
to ſee, but were diſappointed ; and by our longitude obſervations we paſſed 4 or 5? W. of it. 
Notwithſtanding which, by our variation being 3 E. we mult have paſſed W. of it about 67; 
and being only about 10? from the coalt of Brazil, we may {ſuppoſe to have had the tide 
acting on the ſhip nearly N. N. W. and S. S. E. and that day it was high water on that coaſt 
about 5 h. in the morning. See the following. 

1. Remark, 


4 
7 
: 
: 
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7, Remnk, Off C. St. Auguſtine, high water on full and change days at 4 h. 30 m. to which 
add the time the moon paſſed the meridian - - - - oO 48 


High water - 5 18 therefore, 
we had the whole of the ebb, by which the ſhip was drove fo as to increaſe her difference of 
latitude by acco:nt 14'S. and taking the ſet to be S.bE.;E. we have 4“ dep. E. as per table. 

March 8th, Our lat. by account was increaſed 7“ S. and ſuppoſe the effect of the current 
to have been as much E. as W. “, ſo that the dep, may be taken for true. The next correc- 
tion is on the 1ſt of April, when the latitudes differ 87, having made that quantity towards 
the N. more by account than by obſervation ; we ſhall make no correction of mer. diſt. or 
lon. for it, but ſee the reſult of ſome following days, whereby they agreed. 

2. Remark, On the 12th of March, we had a rowling ſea from che S E. which retarded the 
way of the ſhip; that day we diffeted our lat. by account 95'S, and by obſervation only 80“; 
I therefore took the difference of the latitudes 15, and the ſet of the fea N. W. for a courſe, 
by which I found the decreaſe of diſtance and the departure, and then, the difference of lon- 
gitude, as inſerted in the columns. The 13th, the diff. lat. by account was 75, and by ob- 
fervation 85'S, The 17th, diff. of lat. by account 4'S. by obſervation 10'S. 


The 18th, ditto Ek 20 8. 
The 20th, ditto 24 8. ditto 30 8. 
The 29th, ditto = 8 N. ditto 5 8. 


This day we failed 8 different courſes, and with 10 different winds ; the courſes were between 
the S. E. and N.E.bN. and the diſt. by the log was 58 miles: This difference we attributed 
to be occaſioned by a rowling ſea from the N. E. which ſet us S. W. 

March 31ſt, We made 6“ more by account than by obſervation ; and 3“ the following day. 
The 2d of April, 4“ lefs than by obſervation : All theſe may be allowed to be errors of the 
daily account, as defined in page 117 and 122, Rule II. 

2. Remark, By the Principles of tides, and the form of the coaſts of Africa and America, 
it is evident, the tide conftantly runs towards the W. N. W. and that it may differ the latitude 
of a ſhip failing between 20 N. and 30 W. to go*S. about 3 or 4' each day, and the lon. 
from 6 to 8 or 10“ a day. Now let us take 7 per day, from the gth of February to the 
6th of April, which is 55 days, and 55 times 7 is 385 6.2 5, the increaſe of longitude 
W. this agrees with what we were deficient in; and I am of opinion, it is a general effect 
of rides, and is what ſhould always be taken into account. I humbly ſubmit this opinion 
to the experienced in theſe parts of the Atlantic. 


Commodore ANSON's VOYAGE in the CenTuaion. 
In the lat. 10˙ſ S. and 36 W. had ſounding 60 fathoms; and the Tryal a-head of us, had 
at one time 37, which increaſed to 90 fathoms; and a little after, no ſoundings with 1 50 


| fathom line upon the edge of it. This ſhoal is called Abrollos. We were then between 60 
and go leagues from the coaſt of Brazil, . 


After we had paſſed 16 8. lat. we found a conſiderable current ſetting to the Southward 


this happens all along the coaſt of Brazil, and to the Southward of the river Plate. 
And as the reverend Mr. Walter, chaplain of the Centurion, ſays, that it is natural to 
uppoſe its general courſe is determined by the bearings of the adjacent ſhore, Perhaps 
too, in almoſt every other inſtance of currents, the fame may be true, as I believe no 
examples occur of conſiderable currents being obſerved at any great diſtance from land. 
If this then could be laid down for a general principle, it would be always eaſy to correct 
the reckoning by the obſerved latitude, It is much to be wiſhed, for the general * of 
navigation, that the actual ſettings of the different currents which are known to take place 
it various parts of the world, were examined more frequently and accurately than hitherto 
they appear to have been. The high land of the Brazils appeared at 17 leagues diftance 
near the I. of St. Catharines ; the flood tide ſet from the S.S.E. and the ebb N.N.W. 
that is, the flood runs N. N. W. and the ebb S.S.E. about 2 miles an hour, 
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which paſſes through the two places. 


e 25 ) 
Of GREAT CIRCLE SAILING. 
G ons CIRCLE SAILING is the art of failing in or near the arch of the great circle 


This kind of failing is only uſeful when the difference of the longitudes of the places are 


very conſiderable, ſuppoſe 40, 50, 60 or more degrees; of which we ſhall give ſome examples 


by way of illuſtration, 


I do not here lay down the principles of ſpherical trigonometry, nor the conſtruction of 
figures, but refer the reader to my Supplement, where he will find conciſely demonſtrated, and 
evidently clear, the principles of ſpherics, and the practical application, plain to any one 


who underſtands the foregoing elements. 


PROBLEM TI. 


Suppoſe one place at the equator, and the other in 30 N. and their diff. of longitude 60˙ E. 
from that at the equator, to find the bearing of each from the other, and their diſtance. 


General Proportion. As R: cs, lat.:: cs, 


X lon. : cs, of the diſt. 

To find the bearing of the place in the N. 
latitude, from that at the line; alſo the bear- 
ing of that at the line. 


As R: ct. X lon, 60 10, 38 56060 


:: $, of the lat. 50 = 9,8842540 
ct. bearing 37 = 10, 1228146 
And R : ct. lat. 30 29, 923814 
: 8, X lon. 60 29, 937531 


: t. bearing 36 9,8613435 


Thus R: cs, 50.00 —9, 808067 
: CS, 69.00 9, 698970 
_: cs, of diſt, 71.15 =9,507037 
Which is 427 5 diſt. in the arc of the g. circle, 
And 4320 by mercator's method. 
Mercator 45 miles more than the g. circle. 
Hence the place at the line whole lon. is 60? 
W. from the Lizard, bears S. 27 W. 
And the bearing of the place in 50% N. 
from the place at the equator, is N. 38* E, diſt, 
4275'. 


PROBLEM IL 


The lat. of two places in the ſame parallel, and their diff. of longitude given; to find their 
neareſt diſt. or that in the arch of a great circle, the angle of poſition; and the greateſt lat. 
of the arc (in paffing) from one of the given places to the other. 


General Canons. 
: Ct, of the greateſt latitude. 


1, R: ct. of the lat. of the parallel : : cs, of + the diff. of longitude 


2. R: cs, lat.:: s, + the diff. lon. : s, of + the diſtance. 
3-R:t.+ X lon. :: s, lat.: ct. of the bearing from the pole of the ſame name as the 


latitude, 


Ex. Let the Start in lat. 50% 0g' N. lon. 32.28' W. be one of the places; 


and a part of St. John's, in America, 50 . 09 N. lon. 52 .18 W. be the other place. 


Diff. of lon. 48 .5o W. from the Start. 
Falf 24.25 


I. R.: ct, lat. 50.09 —9, 921 503 
: cs, x lon. 24 .25 —9, 959310 


: ct, greateſt lat. 52 .46 = 9,880813 
2. R: cs. lat. 50% 9“ —9,806709 
2: 8, + lon. 24.25 —9, 616338 
23, f diſt. 15.212 —9, 423047 


— ad 


Its double is the diſt. 30.43 = 1843 m. 


1 2 X lon. 24%.25' =9,657028 
: $, lat. 30.09 =9,885205 
ct. bearing N. 20. 4]. 9542233 


Note the diſtance in a parallel of latitude, 
is 1883 miles, which is 40 miles more than 
in the great circle. 
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PROBLEM III. 


The latitudes and longitudes of two places in the ſame hemiſphere, being given) to find 
their diſtance and bearings i in reſpect of each other. 


% FS A 2A £0007 ER 

Take the complements of the latitudes, and find half the ſum and half the difference; 
alſo take half the difference of their longitudes. Then it will be: 

1. As the s, of , the ſum : s, of 2 the diff. x: ct. of + the diff. of lon.: t. of Z the diff. 
of the bearings. 

2. As cs, T the ſum : cs, * the diff.: ct. the diff. of lon. : t. f the ſum of the bearings, 
The half diff. of the bearings, added to the half ſum of them, will be the bearing of that 
place, which is in the leſſer latitude, from that of the greater latitude ; and the half diff. taken 
from the half ſum will be the bearing of the place, which is in the greater latitude, from that 
of the place in the leſſer latitude, Ne ote theſe 'bearings are angles. 

To find the DisTANnCE. 


3: As the s, of the bearing of the leſſer 4: cs, of the leſſer lat.:: the s, of the diff. of 
lon. : s, of the diſtance. | 


PROBLEM VV. 
The lat, of one place i in 50 N. the other in 5; 5 N. and their diff. of longitude 737.42 W. 


from the place which is g0 N. Suppoſe the Lizard 3 N, of its Cape. 
Lizard 50 N. compt. 40? | Kol lon, 93%. 42'= 4 at the pole. 
Cape Jens 55 N. compt. 35 WIE hs do. 30 .5t = the contained 2. 
Sum 75 | 
Diff. = 14 CO- ar. | 
Half Sum 37.30“ its s, o, 216553 As cs, 37.30“ — 0,100533 
Half diff. 2.30 its s, 8,639680 : Cs, 2.30 — 9,999 586 
Half contained 4 36.1 its ct. 9555540 : Ct. 36.51 —10,125253 
t. 2 diff. of bearings 9.28 = 0486] t. — 59.141 — 10, 225372 
. + 4 diff. 5.28 


The bearing of the Lizard from C. Jones is N. 64 421 E. \ or angles of 
The bearing of C. Jones from the Lizard is N. 53.461 W. ] poſition 3 


To find their DisrAN cx. 


8 co- ar. 
As s, of the leſſer 537.46 —0, 9328 As „of the greater bearing 64.42 —0, 04373 
es a lat. 55 .00 —9, 758 59 : hs leſſer lat. 5o .oo —9,80807 
: 3, X lon. 73 .42 —9,98218 : $, X lon. 73 .42 —9,98218 
Þ of the diſt. 43 .02 —9,83405 183 of the diſt. 43.01 —9,83398 


Dift. in miles 2582 435.02 the whole arc. 
By Mercator N. 8e W. 2698|—26 .22 from the Lizard to the place of greateſt lat. 


The difference of diſt. 116 16 .40= 1000 miles, the arc of diſt, between the place 
between the arc of a great circle of the greateſt lat. and C. Jones. 
and mercator's 


PROBLEM V. 


The latitudes of two places, and their diff. of lon. being given; to find the bearings and 


diſtance in the arch of a great circle; allo the courſes and diſtances to be failed, fo as to 
differ the lon. 10 in each arch. 


Suppoſe a ſhip is to ſail from the Lizard to Cape Jones on the coaft of Hudfon's Bay, in 


lat. 55*N. and 732%.42' W. (from the Lizard); What courſe mult ſhe fail at each 10* of lon. 
from the Lizard, 


By 


1 * 
W 
r 


7.0 * 

** 4 
W 8 
Y K 


= 


' 3 : . 7 42 £ l 
e . MICS 
= oy 
* 7 1 po * vs 
TA «Xa * Fo 4 4 U * * 
2 ² 5ttũ * 


( 127 ) 

' . By the ſolution to Prob. IVth, the courſe to fail from the Lizard is N. 5; 3*.47' W. but as 
the angles of the poſition of the arch, with the meridians will continually increaſe “; and as the 
ſteering of a ſhip to a certain quantity, leſs than the quarter of a point of the compaſs, is 
2 I ſhall therefore ſhew the practical method, which is as follows. 

Firſt, calculate the difference of longitude of the place where the arc of diſtance paſſes the 
ncareſt to the pole (or paſſes the greateſt lat.) then find the bearings at each 102 of lon. from 
the Lizard: And remark, that the courſe to be failed from one place to the other, at each 


10 of lon. will be the neareſt point and quarter to the mean of the two bearings, at the 
extremes of the arc or diſtance to be ſailed. * : | 


Note. The bearings and diſtance are found in Prob. IV. 


To find the greateſt lat. of the arch. {| To find the diſt, between the Lizard and the 
place of the greateſt latitude, 


Ge. Can. As R: cs, lat. 50% 00/ —9,809067| As R; ct. lat. 305. oo“ —9, 923813 
: CS, bearing 553 46 = 9,906683| : cs, bearing 53 .47 =9,771556 
2 CS, greateſt lat. 38.46 = 9,714750| : t, diſt. 26.224 =9,695369 


| From the Lizard to the place of the higheſt lat. 


To find the diff. of lon. between the meridian of the Lizard, and that which paſſes through 
| the arch in the higheft latitude. 
As R: t. of bearing 53.45 — 10, 135289 The whole diſtance in the arc 2582 
: 8, lat. Lizard 50 . 0 — 278842 54 The diſtance between the Lizard 
f | . d the place of th ſt lat 1582 
2 ct. X lon: 43.43 — 10, 019 543 and the place e greatelt lat. 
Whole X lon. 73 .42 | The diſtance from thence to C. Jones 1000 


X lon. betw. the place The Lizard is in 43% 43 E. lon, 
of or bt nd ©: 2 29 59 from the place of gſt. lat. Subt. 10 

LEN vpn. eee TRE Lon. of the place, which 
To find the _ jap 10% of longitude 10 W. of the rand 3 3.43 


Subtract 10 
1. R: t. X lon. 339.43” —9, 824346 | ; wh 1 
: : cs, greateſt lat. 1 46 —9.71. 47 50 Diff. of lon. from ao 5 23 43 
: t. of the diſt. 9. 05 , 53909 | 12 
Lizard to gſt. lar. 26 . 2 in the arc of diſt. X — pens he P * * the 
r This is 30, from the Lizard. 
2. R: t. greateſt lat. 589.46 — 10, 21722990 


. Lon. from the place of teſt latitude. ig 
:: $, arc diſt. 19 .05 — 9731447 To Cape n 


13.43 


Ct. bearing 61.40 — 9, 731701 . _ Subtrat 9.59 
3. R: t. X lon. 235.43 —9, 642777 Greateſt lat. 20 © 
: : CS, greatelt lat. 58 .46 —9,714750 Subtract 10 
: t. diſt. 12.50 — 9.357527 2 


4. R : t. greateſt lat. 58%.46'— 10, 217229 To find the bearing at 10* W. from the 410942 
: : 5, diſt. 12 .50>— 94340579} As s, X lon. : s, diſt. from the place of 


Ct. bearing 69 .53 = 9,563808 greateſt lat.:: cs, greateſt lat.: s, bearing. 

5. R: t. X lon. 13*.43'—-9,387536| Or, R: t. greateſt lat. 580.460 —10,217229 

: CS, lat. 58 .46 —-9,714750] 5, arc of diff, 7.19; — 9,103531 

td. arc ditt. 7 ,13 =9,102286] ct. bearing 78 .11 = 9a320702 

6. R: t. greateſt lat. 385.46 — 10,2 17229; 19.05 12. 907 | 
: 8, diſt. 7 .13 — 9,999065 12.50 2d part 7— 7 -13 6 

: &t. bearing 78 .18 = 9,316294 6.15 =3759 [ 

7. Rt. 


* To the place of the greateſt latitude, 
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7. R: t. X lon. 205.00 9, 661066 f 

: : cs, greateſt lat. 58 .46 —9,714750 
rt. arc diſt. 10.41 —9,275816| 

8. R: t. greateſt lat. 58.46 — 10, 217229 
: 8, arc diſt. 10.41 — 9, 268065 

: ct, bearing 73 . 00 — 9,48 5294 

9. R: t. X lon. 105.00 —9, 2403 19 

: . cs, greateſt lat. 58 .46 —9, 714780 

t. arc diſt, 5.13 —8,961069 

10. R: t. greateſt lat, 58.46 —10,219229 
:: $, arc diſt, 5 . 132 — 8,959361 
: ct. bearing 81 .27+ = 9,176590| 


N. 53.47 W. so. oo 
N. 6 1. 40 W. 153.54 
N. 69.53 W. 56.25 
N. 78.18 W. 157.35 
90. oo W. in[58.46 
, . 158.23 
S. 73.00 W. 57. 10 
S. 64.42 W. 56.13 


rrived at the Port. 5 5. ooo 
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To find the latitudes through which the arch paſſes, in any given longitude W. from the 
Lizard, by having given the greateſt latitude and the longitude from it. 
Gen. Canon. R: t. greateſt lat. : : cs, X lon. berween the given place and the place of the 
greateſt lat.: t. of the lat. ſought. 
R: t. 58. 46/— 10, 217229 
1 : CS, 10. 0 — 97993351 
: t. lat. 58 . 23 — 10, 210580 


:: CS, 20. 00 — 9, 972986 


Remark, That it is impoſſible to fail any 
conſiderable diſtance in the arch of a great 
circle; therefore, to lay down a method that 
may be eaſily 2 (which has not been 

. done by any author of navigation), is what I 
ITY hve exhibit, and is as follows. * 

: CS, 25 .00 — 9, 957276 


: t. lat. 56. 13 10, 174505 GENERAL METHOD, 


1. Find by Prob. IV, the bearings arid diſt. of the two places from each other; by Prob. 
V, find the place of greateſt lat. and the diſt. of each place in the arc of a great circle, from 
the place of the greateſt lat. find alſo the longitude of the place of the greateſt latitude. 

2. Divide the arc of diſtance between each place and the place of the greateſt latitude, by 
the number of quarter points of the compaſs contained between the E. or W, point, and 
the neareſt point and quarter of the bearings ; the quotients will ſhew the number of miles 
to fail on each courſe, from one of the places to the other. bees HB 

3. With the courſes, which increaſe one quarter in ſucceſſion, and the diſtances, find the 


diff. of lat. and departure. 
4. Find the mid. lat. and the lon. made on each courſe, as are fully ſhewn in the following 


Table. 

Suppoſe a ſhip is to ſail from the Lizard to Cape Jones in N. America; and it is propoſcd 
for her to ſail as near the arc of a great circle as may be, and tp alter her courſe at the end of 
each diſtance, one quarter of a point. By Prob. IV, the bearing from the Lizard is N. 
535.46 W. which gives 13 courſes. And the diſt, from the Lizard to the place of the greateſt 
lat. 1582 miles, divided by 13, gives 122, the miles to be failed on each courſe: But in this 
I have taken 130, by which the place of paſſing the meridian of greateſt lat. happens 
to be 43'S. of the place propoſed to paſs the meridian of greateſt latitude. 

By the following table it appears that by failing theſe courſes and diſtances, there will only 
be 8 miles more than that in the arc of a great circle; and 108 leſs than by mercator's method 
of ſailing. By this it is evident what advantages may be gained with the practice of this 
method in ſome caſes, in large diſtances, and in high latitudes ; that is in latitudes exceeding 
45”, and whoſe diff. of longitudes are not leſs than 60 or 70 degrees, 2 
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{ 
| 1. NWbW, | 130 
| 2, NWbWEW. | 130 
[ 3. NWbWW. | 130 
j 4. NWbW3W, | 190 
- 6, WNW. 1 130 | 
2 4 WNWIW. * 
C7 . WNW W. 130 
38. WNW W. 130 
9. Wb. 130 
10. WbN EW. 130 
„lin. W DN. W. 130 
F 12; WNW. | 130 
! 13; Ditto (1585) 26 


* 
and. AMS. O tte Mt. 
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"th. W. 190 

; | 15, WES. 200 

; 30; 23 100 

: | 17. W3S, 100 
18. WbS. | 100 

5 -+ 19, WSWIW. - 100 | 


| 20, WSWiW, [| 100 | 29,0 | ' þ | 2-53, 68.71 
21. WSW W. 100 33,7 | 9432 55,422.48 | 70.59 
22. WSW. (1000) 100 | 38,3 | 92,4 33,04 
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—Sailed 2585 miles. |. — [Kon | 29.58 from the place 
_ To Port 5 f 1 If of n lat |} 
* Total 2 E bg. 2 2 b, 
. To work the foregoing Queſtion with 13 Courſes to te gremef Eu. and 122 Miles diſtance 
bs on cach Courſe. 
42 No. Courſes; Diſt. & lat, N. Dep. W. |M. lat. Lon. made. Lizard 49.57 N. 
= | 1 [NW. 4; pts. [122] 72,7 | 98,0 304 2.34W" Lat. made 8.46N. 
2 2 5 122] 67,8 | 101,4 | 51% 2.43 Our gſt. lat. 58 +43 N. 
; 3 3 57 7 62,7 104, 6 3242. 2.52 which is only gf S. of the 
4 4 2 = | 57,5 | 107,6 | 5 ack 201. 5 greateſt lat, 1 in the arch. 
2 : = 7 110,3 54% 3.10 h 
= | 5 | 85 18 18 1 = 7 Dn | Thereare 9 courſes to ſail 
Ir z | "* "a 41,4 |S 4.8 | 564 | 3.28 from the place of the greateſt 
3 g|--* 16: |8 | 354+ nr&+| 57 3-86 . lat. to C. Jones, and 9)1000 
A 9. PE |S {26,0 118,33) f | 3.49 | (111 miles to be failed on 
„ 10 ä " | 23,8 | 119,5 38 |: 3:45; | cach courſe. If 6) oοοbẽũů 
2 E 1 22 3 9 5 3 
5H 111 7 | 17,9 | 125, 36 | 3:48 on cach of 8 courſes. 
© 8 12 . 72 11,9 121,4 582 3.32 But to ſave the trouble of 
123'k. 7 7-1... Go | 129585 32 ] working the courſes and diſ- 
"The lum made — | 525,6 145851 wg _ —_—— of — 
| © Our place of greateſt lat, 58.43 N. 1 —— — 
Shall make by $ courſes .33%, and 2g. | "laſt, reckoning them S.- 
9. k Lat. then 5 LY 10N, and 1on, 7 3˙ o weſterby, whereby the lat. or 
Lat. for 33.0 N. lon. for II. 4 W. diff. of lat. will be S. and the 


To nue .10S, and ©. eK of loa. W. as per Table. 
_which gives the courſe W. 8. W. diſt, 26 miles. 


ls n The 


. .- : 
"> 0... £ 


| ( wo ) 

The diſt. ſailed on 13 courſes 1586 rr 
Ee DR ng 
Do. on 1 — 26 


ot 2588 | Which is only 6 miles more than that in the 
In the arc of the great circle 2 582 } arc of the circle. | 


By this practical method the whole calculation may be made in one tenth of the time uſed 
in the old method. 


Suppoſe two places in the lat. of 50 N. and their diff. of lon. 47. 36“: What is their diſt, 


and bearing in the arch? And what the greateſt lat. of the arc? Let the places be the Lizard 
and Pengwin Iſland. | 


1. By Prob. 2, R: ct. lat. 50. 0 = 9,92 3813] 
: cs, EX lon, 23 .48 = 9,9614024 
Ct. greateſt lat. 52 .29 897888215 


3. R: t. + diff. lon. 23%.48'=9,64449 


2. R: cs, lat, 50% 00' =9,808067 

2: 3, + diff. lon, 23 48 = 9,605892 

: S, 2 diſt. 15 .02 =9,413959 
1 

Diſt. 30 . 04 =1804 mi. 


W A 
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:: $, of the lat. 50. 0 =9,8842 54 
: ct. of the bearing 71 .20 =9,528744] W. and N. 7 19. 20 E. 
To find the dIft. in a parallel circle. The greateſt lat. of the arc 320. 297 N. 
R: X lon. : : cs. lat.: diſt. 1836 = 305. 36 .Diſt. 30 .04 
The Lizard and Pengwin Iſland being the places; their diſt. is 1804 m. and the firſt courſe 
for a ſhip to fail from the Lizard is W.N.W.+W. diſt. about 200 miles: Suppoſe this to be 
ſo; What courſe muſt ſhe fail 200 miles more, ſo as to be near the arc of a great circle be- 
tween the ſhip, and the place bound for ? We have the courſe and diſtance given, to find 
the diff. of lat. diff. of lon. and the lat. the ſhip will be in at the end of the firſt courſe. * 
By the Traverſe Table, the diff. of lat. is 58' N. and her dep. 191,4 W. hence her lat. 


at the end of 1ſt courſe is 50. 8“ N. and the mid. lat. is 50˙. 29“, by which I find 
the X lon, to be 304'= 5 .04 W. 


The places bear from each other N. 77.207 


To find the Sxconpd Covrsr. 
Half diff. of lon. 23. 48 R : t. 18.469, 63119 
| made 5 .o4 | :: 5, lat. 530 . 
Lon. to make 18 .46 | : ct. cou. 87. 36 8, 62148 
to the place of greateſt lat. | Courſe to Tail 200! is WN. 


By Traverſe Table. Over 7 pts. diſt. 200 m. gives X lat. 39 N. dep. 196 W. 
Lat. in 319.37“ N. mid. lat. 5 1. 187 dep. 196. 


Gives lon. 312 W. = 5e. 12 W.] To ſail N. 72 W. 200 
Baubtract from 18.46 712200 
X lon. to greateſt lat. 13. 34 7s 200; | 


Note, the 4 of the courſe is 64 points; hence there are 7 courſes to fail, to the place of 


the greateſt lat. its diſt. goz miles. Now 72g02(129 miles to be failed on each courſe, one 
with another, to the meridian of the place of the greateſt latitude. 


In Atkinſon's Epitome, p. 190, Caſe 2d of Great Circle Sailing, the foregoing Problem 
1 


3s propoſed, and after filling 6 pages, and calculating courſes (or poſitions) to be failed, which 


cannot be done; there reſults the whole diſtance 1822 miles, which is 14 miles more than 
by the method here laid down; the other, as deſcribed by former authors who have wrote 
on the ſubje&, being impractical; and therefore of no uſe : I think, I may juſtly ſay, the 
method here ſhewn is the firſt practical method, 

Suppoſe a ſhip failed from 50* N. lat. the following courſes and diſtances : How many 


6. ** muſt ſhe fail to her port, whoſe difference of longitude is 4. 36“ W. in the parallel 
50 N. | 


See General Rule, p. 127. Courſes. 
Ouries. 
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L. in L n. Me Tot made.] X lon. 4.36 


4 128Ww [Half do. 23 .48 

2 3.59 Made 19 .51_ 
- 7.50 [To make 3.57 
. . EL 

2 ; 2 2.1 15.47 | Lat. of parallel 

= | 5. WbNzW. 156 | 14,7 | 149.3 een | 19-51 [inis 52% which 

. F 2 W. 144,3 — 11 44, — 1 23.48 call mid. lat. and 

= |, The miks - 90g failed to the meridian of — latitude. with the X lon. 

. To fail - 904 on the other courſes in the S. W. quarter. 3.67 237% in 

= 

Jon, the like diſtances as before, and you will obtain the port deſired, Pen- dep. to make in 


* 1ſt courſe W. the ad WbSiW. che zd Wbsz W. the 4th Wbs. and ſoſ diſt. col. is the 
15 . 


gwin Iſland, and only make 4 miles more in diſtance than in the arc of 
_—_—_ 3 =... Be 
I OD RISE 
over 53 is 142,6 | | | 
Mean 522 1443» Which 144,3 ſet down in dep. col. and the ſame in diſt, col. and 
you will obtain the place of the greateſt latitade, See table above. | 
Prob. 110, p. 588, Robertſon's Navigation, his 2d Queſtion of Great Circle Sailing. 
A ſhip bound from the Lizard to the iſland of Bermudas, propoſes to fail on a great circle 
(i. e. as near the arc of * great circle as poſſible), and to alter her courſe at each 5 degrees of 
longitude: Required the latitudes through which the ſhip is to paſs, and allo the courſe and 
diſtance between each. 8 7755 
Bermudas 32.2 5 Nſco- lat. 67.35 
Lizard 49 .57 Njco-lat. 40 · 03 
Diff. of lon. 62 .24 | Sum 97.38 
Half diff. of lon. 31.12 J Diff. 17.32 | e 
Falf Sum 48 .49 5, o, 123432] cs, o, 181464 
Half diff. 8 .46 s, 9, 183016 cs, 9, 994896 
ct. of half X lon. 31.12 , 217790] ct. o, 217799 
t. half X of the bearings 18 .29+=9,524247| 10,394159 


t. half Sum of the bearings 68.012 | By Robertſon's Navigation, 
Bearing of Bermudas 86 .31 from the Lizard | the poſitions are 87.150 and 
Do. of the Lizard 49 .32 from Bermudas. | 49%.35', both of which are 

| wrong, and fo is his diſtance, 


* . 3 pang makes the ſum 
the diſtances to ſail on various cour- 
BEL. X lon,-62 24 2247533 ſes, as obtained by mercator's ſailing, to 
s, diſt in the arch 48.32 =9+874767| be leſs than the diſtance in the arc of a 
e great circle, which is abſurd; for the 
Diſtance miles 2912+ | arch of a great circle is the neareſt diſtance between 
Robertlon's diſtance 2874, | any two places upon the ſpherical ſurfgce of the 

By Prob. 23, Sherwin's, 2912,50 | earth, 4 1 
2. The courſe and diſtance by mercator's, is S. 69%. o2 / W. diſt. 3009,8 miles, d may be 
called 30 10, which is 97 miles more than in the arch; for the conſtant cotrſe makes 
the path of a ſhip, to the Southward of that in the arc of a 5 it muſt therefore 


eontain a greater number of miles in the diſtance, as the meridians in that path are at a 
greater diſtance from one another. 
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As s, of the arc bearing 865.31“ —0,000803] 
: cs, leſſer lat. 32.25 —9, 92643 1 


viding che are of diſſaner 
48 * art of ſuch 1 | 
part of the are of 'the great circle 


Anoth cced fee of the 83 an 
ſam of theſe fryeral diſtanees to be falt er o place, il An the 
arc of the cirele ; but the fum of thoſe at of t ſingle courſe. ' 
. Theſe calculations ate very troubleſome; and nlefs the utmoſt accuracy bs. uſed in-gþtain- 
ing the courſes and diſtances to be ſalled, you may commit qne continued error, Where the 
ſum of the, polygonal diſtances * to de deſpribed about che ar of the great circle, may happen 
to be leſs than the circular arc which is Mr. . 
I have computed the courſes to be failed, and diſtances, from one latitudè of the arc to 
another, which are as follows: but it will be neceffary for a Clear ill n, to draw a chart 
of a ſpherical kind, which let be of a part of the earth berween the latitu 8 48 and 50 N. 
and W. longitude Aba the meridian of the Lizard. 


Thus 48 Means: Mues in 19 0f ton; |” as 53 lt = iv; 570 4605) 5 for the x ra- 
Mid. lat. 52 30 . 38.5. L e paral- 
Ext. lat. 56 54 35927 __ lel of _- But 4 give 33 4 * 

Ditf. : 4 and 373 4 - 2 — 1,05 


, . "The! 6. N11 | {bx - — o „825 
Let % of an inch contain 60” or 1 of hs ak of a great crle, then _ ef atk 
inch. will contain 10- miles in the chart. See fig. A, in Plate N 4. 


p The VARIATION of the NEEDLE. accurately gbferved. . 


In the bay off Funchal, variation 19*W. - Dip'of. the needle 9749.18”. 

In lat. o®, lon. 300? W. Dip off the Northend of needle 2 79. 244 1 

In June 1774, I obſerved the variation by Whitehall, London, 22% 24' W. and 24% 2 55 2 
and the dip off the Northend of dipping needle 72% 

In September 1774, the mean of 20 obſervations gave the oP 7 aha. 

In July, 1775, the variation 23% 10' W. 

In June, 1776, do. 23. 20 W. 25.20, 23 20 and 29825. . 

In November 1576, do. 23 +35 W. bythe meridian line. 


Times of Thigh, Water on the Full and Change Days of the Moon. 
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